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EXECUTIVE SUMMARY

Background: In response to Congressional concerns that occupational lung disease may
have been misdiagnosed among Navy personnel exposed to dusts aboard ship, the Navy
Bureau of Medicine and Surgery established the Navy Lung Disease Assessment Program
and designated the Naval Health Research Center (NHRC) as the Program Manager.
NHRC established an External Scientific Advisory Committee to help design a research
project to address the question of lung disease misdiagnosis. A Public Policy Advisory
Committee was also established to answer public concerns. With concurrence of these 2
committees, research objectives were defined and 2 primary approaches were developed to
examine the potential for lung disease misdiagnosis.

Approaches: Two epidemiological studies were undertaken that covered more than 10
million person-years of Navy service going back as far as 1965. These studies included
detailed information on incidence of lung disease hospitalizations, Navy occupational
history and history of ship assignment. Additionally, an effort was made to discover and
retrieve any remaining stored pathological materials from Navy personnel who had a
hospital diagnosis of pulmonary sarcoidosis and to analyze these specimens at two
laboratories using state-of-the-art techniques for detecting foreign particulates in tissue
samples.

Methods: The first epidemiological study was a 27-year historical prospective study that
examined time trends in incidence rates of sarcoidosis and other lung diseases from 1975 to
2001. The second was a nested case-control study that specifically examined shipboard
duty-station assignments and occupations in relation to subsequent hospitalization for
sarcoidosis. In addition to the epidemiological studies, a pathology study was conducted
that used pathology expertise provided by two advanced pathology laboratories, and a
records search performed by the Veterans Administration. NHRC established
collaborations with the Armed Forces Institute of Pathology (AFIP), the Veterans
Administration (VA), and the Advanced Pathology Laboratory at the Upstate University of
New York Medical Center at Syracuse (SUNY). NHRC identified 12 major Navy hospitals
where 1,273 Navy servicemen received a diagnosis of sarcoidosis while on active duty.
NHRC requested searches at these hospitals for any extant pathologic materials. Pathologic
specimens (blocks or slides) were available from Navy hospitals and AFIP for 30 of the
1,273 individuals hospitalized. Additionally, NHRC provided VA with identifying
information for 5,466,087 Navy servicemen on active duty between 1965 and 2000. VA
identified 2,657 hospitalizations for chronic lung disease among these individuals after
separation from service. AFIP searched its tissue repository and located specimens from
11 of these individuals. All candidate material was reviewed under a previously agreed-
upon protocol at the AFIP for suitability for detailed analysis. Tissues from 32 subjects
were selected for detailed evaluation at AFIP and the SUNY laboratory.

Epidemiologic Study Results: Both epidemiological studies found that race and
occupational history were related to sarcoidosis risk. Blacks were approximately 7 times
more likely to receive a diagnosis of sarcoidosis as whites. The cohort study found that
black Ship’s Servicemen had 2.3 times the expected incidence of sarcoidosis in comparison



with all black Navy enlisted personnel, and black Aviation Structural Mechanics
specializing in structures had approximately twice the expected incidence. White Mess
Management Specialists also had twice the expected incidence of sarcoidosis as other white
Navy enlisted service members. The case-control study found elevated odds ratios in
certain aviation and deck ratings where exposure to nonskid materials may have occurred.
This study also found that sarcoidosis risk was increased in association with a history of
service aboard aircraft carriers in men of both races. Both studies found a steep decline in
risk of hospitalized sarcoidosis since the early 1970s, particularly among blacks. Results
from the cohort study indicate that the decline in sarcoidosis incidence could not be
accounted for by an increase in incidence of other pulmonary diseases.

Pathology Study Results: Useable specimens were obtained from 32 individuals,
including 25 men with a history of active-duty enlisted service in the Navy. Although the
overall yield of pathological specimens was low, light microscopic examination at the
SUNY laboratory showed a modest, statistically nonsignificant increase in particulate
content among people who had a history of assignment to an aircraft carrier (OR = 1.67, p
= 0.70), according to an analysis based on all individuals with light microscopic data. This
association did not appear to be present in a smaller analysis limited to those with a history
of hospitalization for sarcoidosis (OR = 0.75, p = 0.55). AFIP data did not indicate an
association in an analysis based on all individuals (OR = 0.55, p = 0.69), nor those with a
history of hospitalization for sarcoidosis (OR = 0.75, p = 0.55). Neither laboratory found a
statistically significant increase in birefringent particles (SUNY OR = 0.94, p = 1.00; AFIP
OR =0.38,p=0.42). The SUNY laboratory found an increase in silica-like particles in
people who had a history of service aboard an aircraft carrier (OR = 3.64, p =0.31),
according to an analysis based on all individuals, and OR = 5.67 (p = 0.47) based on an
analysis of those with a history of hospitalization for sarcoidosis. The AFIP analyses did
not evaluate silicates and silica separately by light microscopy. The types of particulates
identified were for the most part the types found in individuals from the general population,
with the exception of a few unusual particles. The levels of aluminum silicates and talc
identified were less than those typically associated with pneumoconiosis, and none of the
tissues that were examined contained evidence of silicotic nodules. Some cases appeared to
have infectious diseases (mycobacterial or fungal infections). The metals that were present
in increased levels included Fe, Ti, Al, and Cr. The metals that are most characteristic of
non-skid paint are Al, Zr, Ti, W, and Co. The particulates identified may not be the cause,
but rather a marker for some other agent that is the cause of the granulomas.

External Scientific Advisory Committee Conclusions: The External Scientific Advisory
Committee concluded that the two epidemiological studies had identified an association
between history of service aboard an aircraft carrier and history of service in particular
Navy occupations, and an increased risk of a subsequent hospitalization for sarcoidosis.
The Committee found that the epidemiological studies suggested three likely explanations
that could not be distinguished by present information. One was that a number of cases of
pneumoconiosis resulting from exposures associated with some types of Navy service had
been misdiagnosed as sarcoidosis. Another was that there was a subset of the population
with a heightened susceptibility to sarcoidosis that was activated by exposures associated
with some types of Navy service. The third possibility was that these findings were a




matter of chance, but the committee believed this possibility to be an unlikely explanation,
since the increased risk was identified among groups with exposures suspected of causing
disease. Based on review of pathology results, the committee recognized a possible
association between history of aircraft carrier assignment and presence of silica-like
particles and presence of titanium and aluminum. The Committee noted that these results
could document past exposures to a mixture of agents that might support the hypotheses of
this study, but that these analytical results cannot prove causation. Determination of
causation must rely on standard epidemiological criteria, such as correctness of temporal
association and biological plausibility. The committee concluded that the epidemiological
evidence was supportive of the hypothesis that environmental factors may have potentially
contributed historically to risk of sarcoidosis in this population.

Public Policy Advisory Committee Recommendations: The Public Advisory Committee
recommended establishment of an outreach program in which U.S. government officials
would notify military personnel who have worked aboard ships and acquired a diagnosis of
“sarcoidosis”. They should be informed that U.S. government medical personnel would
conduct free medical evaluations to better clarify their lung disease if they knew or
suspected that they had been exposed to dusts, such as those generated by deck-grinding,
while aboard ship, or if they had a history or symptoms of lung disease.



1.0 INTRODUCTION

The U.S. Congress directed the Secretary of the Navy to establish an occupational lung
disease assessment program. This program was to determine if naval personnel who were
diagnosed with sarcoidosis might have actually had another lung disease that was
misdiagnosed as sarcoidosis, and whether sarcoidosis or other lung diseases could be
attributable to exposures during service aboard Navy ships. Pulmonary sarcoidosis is a
disease of unknown cause that is approximately six to eight times more common among
blacks in the general population and among black Navy enlisted personnel compared with
white Navy enlisted service members.

The major concern was that removal through grinding of nonskid coatings that had been
used extensively on Navy ship decks and ramps was causing an unrecognized form of
occupationally related fibrotic lung disease. Nonskid coatings are made with particulate
matter consisting of aluminum, titanium, silica, aluminum silicates, talc, iron, barium
sulfate, and fibrous glass. Among numerous occupational groups, seamen, airmen, and
Navy boatswain's mates assigned to aircraft carriers may have had the greatest opportunity
for close-range exposure to nonskid coatings. It is unknown to what degree members of
these groups are at risk for occupational lung disease and whether they may be more likely
to have received a sarcoidosis diagnosis than other occupational groups.

In response to the Congressional mandate, the Navy Bureau of Medicine and Surgery
established the Navy Lung Disease Assessment Program (NLDAP) and designated the
Naval Health Research Center (NHRC), San Diego, to manage the program. The NLDAP
established collaborative relationships between NHRC, the Armed Forces Institute of
Pathology (AFIP), the VA, the State University of New York, and other collaborators to
design the study, conduct the research, interpret the results and provide recommendations.

The NLDAP chartered an External Scientific Advisory Committee of experts to help
design a research project to address the question of misdiagnosis of other lung disease as
sarcoidosis while making the best use of existing resources. A Public Policy Advisory
Committee was also established to answer public concerns. With the concurrence of these
2 committees, the program reached a general consensus on study objectives and
methodology. 2 primary study areas were defined: (1) epidemiology, and (2) pathology. A
detailed proposal describing 2 epidemiological studies and a pathological review and
analysis were developed. This proposal was reviewed by an independent outside peer-
review organization, the American Institute of Biological Sciences.

The focus of the first epidemiological study was to determine the incidence rates of
sarcoidosis and other lung diseases in active-duty Navy enlisted men, based on hospital
discharge diagnoses, and evaluate indications of possible misdiagnosis based on time
trends and relationships to the incidence of other lung diseases. The focus of the second
epidemiological study was detection of possible associations between occupational and
duty station assignment and a hospital diagnosis of sarcoidosis, while controlling for other
known sarcoidosis risk factors. Both these epidemiological studies also evaluated the



effect of policy changes in radiographic screening for respiratory diseases over time and its
effect on trends in sarcoidosis incidence and risk.

The focus of the pathological studies was to identify available tissue samples from
historically diagnosed cases of sarcoidosis in active-duty Navy enlisted men and re-
examine these specimens using new techniques that could identify the presence of minerals
in tissue samples. This was a technology that did not exist at the time that these diagnoses
were made and even now goes beyond the standard for the diagnosis of sarcoidosis or most
pneumoconioses. The combined evidence from the epidemiological studies and the
pathological review of tissue for mineral analysis would allow conclusions to be drawn
concerning the likelihood of a misdiagnosis of sarcoidosis.

2.0 HISTORICAL PERSPECTIVE

Sarcoidosis is a multisystem granulomatous disease of unknown etiology. Its symptoms
are highly variable and may involve any system, although over 90% of cases involve the
lungs (National Heart, Lung, and Blood Institute, 1995). As many as one half of patients
are asymptomatic, and many cases resolve spontaneously (National Heart, Lung, and Blood
Institute, 1995). Lung abnormalities, such as thoracic lymphadenopathy found on x-ray
and common respiratory symptoms such as cough and shortness of breath, are the most
common presentation of sarcoidosis (Demos, 1996). In some patients, sarcoidosis appears
for a period of 2-3 years, and in 10-15% of cases, patients may have it for many years or
throughout life (World Sarcoidosis Society, 2000). There may be some permanent lung
damage in 20-23% of cases, and the disease can be fatal in 5-10% of cases where either the
granulomas or fibrosis seriously affect the function of a vital organ (National Heart, Lung,
and Blood Institute, 1995).

Although a variety of environmental, occupational, infectious, and genetic risk factors have
been studied, no single exposure has been found that accounts for the geographic, age, or
racial distribution of sarcoidosis (Kajdasz, Lackland, Mohr, and Judson 2001). Sarcoidosis
occurs in both sexes, all age groups, and all races. It is found most commonly among
people 20-40 years old. The National Institutes of Health estimates that about 5 in 100,000
white people and about 40 in 100,000 black people have sarcoidosis. Once thought to be
rare in North America, a large number of cases were identified in the mid-1940s during
mass chest x-ray screening for the Armed Forces (National Heart, Lung, and Blood
Institute, 1995). Epidemiological studies have documented a higher prevalence of
sarcoidosis in the Southeast and rural areas of the United States, but few other risk factors
have been identified (Kajdasz et al., 2001).

Due to the variability of symptoms and population groups in which sarcoidosis can occur,
diagnosis may be difficult and involves ruling out alternative diseases with similar signs
and symptoms. Although the identification of foreign bodies in granulomas is generally
thought to exclude a diagnosis of sarcoidosis, a recent investigation using electron probe
microanalysis found birefringent foreign bodies consisting of calcium, phosphorus, silicon,
and aluminum in granulomatous skin lesions in some patients with cutaneous sarcoidosis.



The authors suggested that the foreign body may serve as an inciting stimulus for
granuloma formation in some cases of sarcoidosis (Kim, Triffet, & Gibson, 2000).

Jajosky conducted a study of the risk of sarcoidosis in naval personnel using data provided
by the Navy (Jajosky, 1998). His findings suggested a possible relationship of sarcoidosis
with assignment aboard aircraft carriers, and with nonskid paint deck-grinding operations.
Also, Abraham and Panitz reported (2001) on dust-exposed Navy workers, such as those
who had done work grinding or removing paint materials, who had a sarcoidosis diagnosis,
and who were found to have dusts in their lung tissues after analysis using electron
microscopy or other techniques. These studies lead to an appeal by Abraham and Panitz
and Reverend Jerry Cochran to Congress to investigate possible missed cases of dust-
induced lung disease among military personnel (House of Representatives, 2000; Jajosky,
2000). Navy, Veterans Administration, and Congressional concerns were raised that naval
personnel diagnosed with sarcoidosis actually may have suffered from other lung diseases
related to exposure to occupational hazards during their military service.

3.0 EPIDEMIOLOGICAL STUDIES

3.1 Epidemiological Study 1. Time Trends of Navy Lung Diseases and Occupational
Associations

3.1.1 Introduction

The first epidemiological study conducted under the NLDAP was a cohort study of
incidence rates of sarcoidosis and other lung diseases and consisted of a report titled
“Trends and Occupational Associations in Incidence of Lung Disease in Navy Personnel: A
27-Year Historical Prospective Study, 1975-2001" (Appendix A). This section is based on
that study. ‘

3.1.2 Methods

This study used a historical prospective design. Information from military service records
was extracted to determine incidence rates of hospitalized sarcoidosis among Navy enlisted
men according to age, race, occupational specialty, and hospitalization date. Incident cases
of sarcoidosis, pneumoconioses, and other lung diseases were identified using the Standard
Inpatient Data Record (SIDR) database of admissions to DoD medical treatment facilities
(MTES). Detailed population data were available from 1975 to 2001 through the Defense
Manpower Data Center (DMDC) in Monterey, CA, and Navy archival records. Age-
specific incidence rates of first hospitalization for sarcoidosis, pneumoconioses, and other
lung diseases were calculated according to race during the time period from 1975 to 2001.
Race-specific standardized incidence ratios were used to compare age-adjusted hospitalized
incidence rates in active-duty enlisted Navy men by occupation and race. Case
ascertainment among active-duty Navy men included a broad range of lung disease
diagnoses to accurately and completely assess time trends in incidence and evaluate the
potential for shifts in diagnostic patterns over time. The cases from 1985 to 2001 were
identified using the DoD Executive Information Decision System SDDR, which includes
admissions to all military hospitals. An SIDR identifies diagnoses using codes from the
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International Classification of Diseases, 9th revision, Clinical Modification (ICD-9-CM;
2000). Earlier cases were obtained from the Career History Archival Medical and
Personnel System (CHAMPS) that was created by and is maintained by NHRC. CHAMPS
contains archival career and medical history data on all active-duty Navy enlisted service
members from 1966 through the present.

Demographic and personnel information from other established military data sources was
used to supplement the SIDR and validate personnel and demographic information. The
main source for validation of career and demographic information among active-duty
military personnel in this study was the Defense Enrollment Eligibility Reporting System
(DEERS), which is the central source for personnel information from the DoD. This
database is used to determine medical benefits eligibility, insurance, immunizations, and
patient information. Records were merged into CHAMPS. This system creates a
longitudinal record for each individual. Diagnoses that were ascertained are listed in Table
3.1.2.1. The epidemiological analyses included a race-specific time trend study of lung
disease incidence and an incidence study according to occupational designation.

Table 3.1.2.1. Lung Diseases and ICD-9-CM Codes Used for
Case Ascertainment

Sarcoidosis (Code 135)

Pneumoconioses (Codes 501-505)

Respiratory conditions due to chemical fumes and vapors (Code 506)
Emphysema and chronic bronchitis (Codes 491, 492)

Asthma (Code 493)

Demographic and service-related information for defining cohorts was obtained from
DMDC. DMDC maintains detailed personnel records for all active-duty members of the
armed forces, including demographic information such as date of birth and race, as well as
service-related information including length of service, changes in duty assignments,
occupational specialties and home of record. Information obtained for cases is listed in
Table 3.1.2.2.

Table 3.1.2.2 Demographic and Service-Related Information Obtained

Social security number or service identification number
Name

Date of birth

Race (white, black, other)

Gender

Home of record

Date of accession to naval service

Duty station assignments and dates (Unit Identification Code,
Onboard Activity Code)

Occupational history (Navy rate code)

Date of end of naval service

11



Type of discharge from the Navy (loss code)

For cases:
Hospital discharge diagnoses
Date of first hospitalization with a diagnosis of sarcoidosis
Name of MTF (hospital)

Statistical analysis. Incidence rates of first hospitalization for sarcoidosis,
pneumoconioses, and other lung diseases among active-duty Navy enlisted men were
calculated according to race (white, black, other). Person-years were used in analyses
aggregated across years, and midyear population counts were used for time-trend analyses
of annual incidence rates. Race-specific standardized incidence ratios using person-years
were used to compare age-adjusted hospitalized incidence rates in active-duty Navy men
by occupation and race (Fleiss, 1981). Age-specific sarcoidosis incidence rates for all
Navy enlisted men were applied to the occupation-specific populations at risk stratified by
race (black or white) to yield age-adjusted, race-specific standardized incidence ratios for
115 Navy enlisted occupations. Ninety-five percent confidence intervals (ClIs) were
calculated using the Poisson distribution (Lilienfeld & Stolley, 1994). When needed,
appropriate adjustment techniques were implemented to take into account multiple
comparisons, providing both adjusted and unadjusted p-values. Several of the above data
sources and similar methods have been used to carry out previous epidemiological studies
among active-duty Navy service members (Garland, Gorham, & Garland, 1987, 1988;
Garland, Gorham, Garland, & Ducatman, 1988; Garland, White, Garland, Shaw, &
Gorham, 1990; Garland et al., 1990a, 1990b, 1992, 1993; Garland et al., 1996).

3.1.3 Findings

Average annual age-specific incidence rates of lung disease based on first hospitalizations
were calculated for black and white male active-duty enlisted personnel between 1975 and
2001. Hospitalized incident cases ascertained during this period included cases of
sarcoidosis (n = 674), asthma (n = 3,536), emphysema and chronic bronchitis (n = 1,102),
respiratory conditions due to fumes and vapors (n = 61), and pneumoconiosis (n = 51).

Age-specific incidence rates of sarcoidosis based on first hospitalization rates peaked
among white men at ages 35-39 years (6.9 per 100,000). The highest incidence rates among
black men occurred at younger ages, from 25 to 29 years of age (32.8 per 100,000). There
was a substantially higher sarcoidosis incidence rate among Navy enlisted blacks than
whites, with the average annual rate per 100,000 equal to 24.9 among black men and 3.5
among whites. The overall black/white ratio was 7.1 (p < 0.0001). Higher incidence
among blacks was most pronounced at younger ages.

Annual incidence rates of sarcoidosis, based on midyear population counts, declined
steeply from 1975 to 2001 in both black and white Navy enlisted men (Figures 3.1.3.1 and
3.1.3.2), but the black/white ratio remained high through 1999. Sarcoidosis incidence rates
dropped by more than 50% among black men after 1975, when the Navy eliminated its
requirement for most routine annual chest screening radiography. Incidence in blacks
declined again after 1989, when the Navy dropped its requirement for routine chest
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radiographic screening at Navy entrance and separation. Pneumoconiosis incidence rates
were too low throughout the study period to account for the decline in sarcoidosis rates in
either race due to a shift over time in diagnosis from sarcoidosis to pneumoconiosis.
Diagnosis of pneumoconiosis was particularly rare in blacks, with only 4 cases diagnosed
throughout the study period. Asthma was much more common that other chronic
respiratory diseases in white and black men during the study period, but asthma incidence
did not appear to increase sufficiently among black men during the study period to account
for a contemporaneous decline in sarcoidosis incidence among black men. Similarly, the
trend in incidence rates of emphysema and chronic bronchitis and the low number of cases
among black men also were not sufficient to explain the marked decline in sarcoidosis
incidence among black men during the study period.

=@— Sarcoidosis (n=378) —#— Pneumoconiosis (n=4)
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Figure 3.1.3.1. Annual incidence rate per 100,000 population for sarcoidosis and
pneumoconiosis in black male active-duty enlisted Navy personnel, 1975-2001.
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Figure 3.1.3.2 Annual incidence rate per 100,000 population for sarcoidosis and
pneumoconiosis in white male active-duty enlisted Navy personnel, 1975-2001

Occupational associations were present among both white and black personnel. Black
Ship’s Servicemen (23 cases) and black Aviation Structural Mechanics specializing in
structures (12 cases) had slightly more than twice the expected incidence of sarcoidosis in
comparison with all black active-duty Navy male enlisted personnel. White Mess
Management Specialists (15 cases) also had twice the expected incidence of sarcoidosis in
comparison with all white active-duty Navy male enlisted personnel.

3.2 [Epidemiological Study 2. Multivariate Occupational Associations Using a
Nested Case-Control Approach

3.2.1 Introduction

The second epidemiological study conducted under the NLDAP had a nested case-control
design and resulted in a report titled "Shipboard Duty-Station Assignments and Incidence
of Sarcoidosis in Navy Personnel: A Nested Case-Control Study, 1965-2001” (Attachment
B). The objectives of this study were to determine risk of sarcoidosis hospitalization
according to a combination of history of duty-station assignment aboard an aircraft carrier
and assignment to specific Navy enlisted occupations previously identified as being of
interest according to possibility of relevant exposures. The analysis was designed to
control for age, race, year of entry to naval service, history of assignment aboard an aircraft
carrier, and home of record. This study also had the objective of examining time trends in
risk of a diagnosis of sarcoidosis in active-duty Navy enlisted men according to Navy

occupational specialty and duty station assignment, and to assess any time-dependent
features in risk.
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3.2.2 Methods

This nested case-control study identified Navy enlisted men (N = 1,162) with a hospital
discharge diagnosis of sarcoidosis while serving on active duty during 1965-2001. A
control population consisting of a 2% random sample (N= 109,037) of Navy enlisted men
serving on active duty during this 37-year time period also was identified. Risks of
sarcoidosis hospitalization according to type of ship and duty station, and assignment to
high-risk and entry-level occupations were examined using a logistic regression mode] that
controlled for age, race, year of entry to naval service, history of assignment aboard an
aircraft carrier, and home of record. Time trends in sarcoidosis risk detected in the
previous epidemiological study were examined by stratification according to accession
periods in cases and controls in order to examine changes in risk over time. The present
study allowed examination of trends over a longer time period beginning in 1965, in
contrast to the previous study, which was limited to time trends beginning in 1975.

Demographic and other personnel information from established military data sources were
used to supplement the SIDR and validate demographic information. The main sources for
validation were the same as in the first epidemiological study, including DEERS and
DMDC. Occupations were identified using Navy enlisted Manpower and Personnel
Classification codes.

Fixed-length file records for cases and controls were constructed in identical formats using
extracts from CHAMPS during 1965-2001 and the DoD SIDR records during 1989-2001.
All known duty station assignments were identified throughout each individual's career
history based on Unit Identification code (UIC) and onboard activity code (OBAC)
assignments. The file also identified the enlisted occupational code (rating) at the time of
each duty station assignment. No case or control had more than 30 duty station
assignments. Among the controls, the median number of duty station assignments was 6.

Age of the cases was calculated as the difference between the first hospitalization date for
sarcoidosis and the birth date. Age of the controls was calculated as the difference between
date of the sixth duty station assignment and the birth date. If no sixth duty station was
assigned, the date of the fifth assignment was used as a basis for the age calculation. This
process was repeated until age could be calculated for all controls, including those with
even a single duty station assignment. Demographic and service-related variables of
interest obtained for cases and controls are the same as in the first epidemiological study,
which were summarized in Table 3.1.2.2 (above).

Multiple-adjusted ORs (Ors) for sarcoidosis hospitalization according to duty station
assignment and occupation were computed using logistic regression. Time trends in
sarcoidosis risk were examined by stratification according to period of accession to Navy
service. Time dependence of risk was analyzed by using indicator variables corresponding
to period of accession to naval service.
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3.2.3 Findings

Univariate findings. Statistically significant univariate differences between cases and
controls were identified for a variety of service-related and demographic characteristics,
including age, length of service, race, pay grade, history of service aboard an aircraft
carrier, date that naval service started, age at entrance into the Navy, and regional home of
record. The univariate OR for history of assignment to an aircraft carrier was
approximately 2, suggesting that cases were about twice as likely as controls to have a
history of assignment to an aircraft carrier.

Cases were about 3 times as likely to have their home of record in the southeastern United
States than in other regions. The ORs by home region were particularly low for service
members whose homes were in the Pacific (OR= 0.45, 95% CI, 0.35-0.57) or Mountain
(OR=0.33,95% CI, 0.19-0.53) regions.

Multivariate logistic regression findings. Based on previous research that suggested higher
risk or potential for exposure in certain occupational groups, ORs for the entry-level
occupations of Airman, Seaman, Fireman, and the ratings (journeyman occupations) of
Aviation Boatswain's Mate, Aviation Structural Mechanic Structures, other aviation
ratings, Mess Management Specialist, Ship's Serviceman, and Boatswain's Mate were
evaluated using logistic regression. Men in all remaining ratings were used as the reference
group. ORs ratios for sarcoidosis were adjusted by logistic regression for age, race, date of
entry to the Navy, rating, history of service aboard an aircraft carrier, and home of record.
ORs were markedly lower in men ages 17-19 and 20-24 than in men 25 years and older.
The OR for black men compared with white men was 7.7. ORs were substantially lower
for men who entered the Navy after 1975 than those who entered before then. The highest
statistically significant ORs for occupations were for the ratings of Aviation Structural
Mechanic Structures (OR=2.4), Ship's Serviceman (OR= 2.3), and men in "other aviation
ratings" (OR=1.7). The OR for history of assignment to an aircraft carrier was 1.8 (95% ClI,
1.6-2.1). Having a home of record in the Southeast was associated with twice the
likelihood of sarcoidosis as having a home in the Northeast, and approximately 5 times the
likelihood of sarcoidosis as having a home in the Mountain region.

Multiple-adjusted ORs for sarcoidosis for white men were lower in those ages 17-19 and
20-24 than in those 25 years and older, as in men of all races combined. ORs were
substantially lower among men who entered the Navy after 1975 than for those who
entered before then, and declined steeply during 1975-2001. Statistically significantly high
ORs were present for Mess Management Specialists (OR=2.1), Aviation Structural
Mechanic (OR=2.0), men in "other aviation ratings" (OR=1.8) and Seaman (OR=1.6).

The OR for history of assignment to an aircraft carrier among whites was 1.7. Having a
home of record in the Southeast was associated with twice the likelihood of sarcoidosis as
having a home in the Northeast, the same as for men of all races.

Multiple-adjusted ORs for sarcoidosis for black men were lower in men ages 17-19 and 20-

24 than in those 25 years and older. As in white men, ORs were substantially lower in men
who entered the Navy after 1975 than those who entered before 1975, and declined steeply
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during 1975-2001. There were statistically significantly high-adjusted ORs for the
occupations of Ship's Serviceman (OR=2.5), Aviation Structural Mechanic Structures (OR
2.0), and men in other aviation ratings (OR=1.5). The OR for Airman (1.3) was elevated,
but was not statistically significantly high. Having a history of assignment to an aircraft
carrier was associated with approximately twice the likelihood of sarcoidosis. Having a
home of record in the Southeast also was associated with nearly twice the likelihood of
sarcoidosis. ORs sarcoidosis declined as the requirements for screening Navy service
members for chest disease were reduced over time during 1975-2001.

4.0 Epidemiologically Based Conclusions

There was a steep decline in sarcoidosis incidence in the Navy, particularly among blacks.
During the period of this decline, there was no contemporaneous increase in incidence of
other lung diseases, such as pneumoconioses, asthma, or emphysema or chronic bronchitis,
that could account for the decline in sarcoidosis incidence.

The decline in incidence rates of sarcoidosis parallels a decline in the intensity of routine
chest radiographic screening. Reduction in the frequency of routine chest radiographs for
enlisted personnel may explain much of the secular decline in sarcoidosis incidence rates.
It is also possible however that there has been a real decline in dust-related diseases that
may have been previously misclassified as sarcoidosis. Indirect evidence for this inference
stems from the fact that the efficiency of protective equipment has increased during the
period in which sarcoidosis incidence has declined. Additionally, formulations of nonskid
material have changed to include reduced amounts of silica and other materials that might
cause dust-induced lung disease.

Both the cohort study and case-control study found that occupational assignment was
related to sarcoidosis risk. The cohort study identified increased incidence rates of
sarcoidosis in black and white Navy enlisted men engaged in certain Navy occupational
specialties. In particular, black Ship’s Servicemen had 2.3 times the expected incidence of
sarcoidosis in comparison with all black Navy enlisted personnel and black Aviation
Structural Mechanics specializing in structures had approximately twice the expected
incidence compared with all black Navy enlisted service members. The case-control study
also found occupational associations present among both white and black Navy enlisted
personnel. In particular, elevated ORs were detected in certain aviation and deck ratings
where exposure to nonskid materials may have occurred. The case-control study also
found risk was increased in association with a history of service aboard aircraft carriers.
This elevated risk persisted after multiple adjustments and was present in both black and
white Navy enlisted men. Navy enlisted men assigned aboard aircraft carriers could be
expected to have had a higher likelihood and degree of occupational exposure to nonskid
material resulting from removal operations than men assigned ashore or to other types of
ships.

Duty station and occupational assignment were only rough surrogates for any specific

exposures that might be causally related to sarcoidosis or other lung diseases. However, the
association of sarcoidosis with assignment to duty aboard aircraft carriers found in this
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study suggests 2 possibilities. The first explanation is that the diagnosis of a dust-related
fibrotic lung disease was erroneously classified as sarcoidosis. This possibility is
particularly apparent in black men, for whom a high index of diagnostic suspicion may
have led to a differential tendency to classify a pneumoconiosis as sarcoidosis. The other
explanation was that a previously unrecognized occupational association exists for
sarcoidosis that is associated with service aboard an aircraft carrier. These possibilities are
worthy of further investigation, but would require better characterization of potential
occupational exposures and environmental factors common to service in these occupations.

The observed decline in sarcoidosis incidence rates is encouraging. However, the
relationship between declining trends in sarcoidosis and reduction in routine chest
radiography suggests that many less severe cases of pulmonary sarcoidosis were
historically found incidentally as a result of routine chest radiographic screening and may
not have been diagnosed based on symptoms. These cases currently may go unrecognized
in the Navy. Since many less severe cases of pulmonary sarcoidosis resolve spontaneously
however, the effect of underdiagnosis may not pose an immediate health concern.

5.0 PATHOLOGICAL SPECIMENS SEARCH
5.1 Introduction

As part of the NLDAP, an effort was made to find any pathological materials for Navy
enlisted personnel that were hospitalized with a diagnosis of sarcoidosis while on active
duty at an MTF, or had a diagnosis of sarcoidosis made at a VA facility after separation
from active duty. For all identified cases, the tissue repository at AFIP was searched for
stored specimens. MTFs in the DoD were also contacted and asked to provide specimens.

5.2 Methods

Navy MTF search. Letters from Office of the Navy Surgeon General, Navy Bureau of
Medicine and Surgery were sent to 12 major Navy MTFs that had admitted 1,273
individuals who had a discharge diagnosis of sarcoidosis while on active duty during 1965-
2001. These included the 1,162 Navy enlisted men first hospitalized for sarcoidosis during
1965-2001. Each MTF was required to respond with a list of the specimens found, or with
a negative report if no specimens were found.

Veterans Administration. NHRC provided the VA with a file of 5.5 million identifiers for
active-duty Navy enlisted men with a record of naval service between 1965 and 2001. The
VA returned a file containing VA hospitalization records for 2,657 individuals with a total
of 5,139 hospitalizations forlor more diagnoses of interest. This VA file was provided to
AFIP, and the AFIP tissue repository was searched for any available specimens from these
cases.

5.3 Findings

The results of the search efforts are summarized below and in Table 5.3.1:
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o 12 MTFs and AFIP were contacted and asked to provide blocks, slides, and
pathology reports for 1,273 hospitalizations for sarcoidosis that occurred in
Navy MTFs (Table 4.3.1). IMTF could not be determined or was
unavailable for 55 individuals.)

o 3 MTFs and AFIP provided specimens. The remaining facilities provided
negative responses concerning specimen availability.

o Naval Medical Center (NMC) San Diego provided 6 blocks for 5
individuals, NMC Pensacola provided 5 blocks forlindividual, and AFIP
provided 22 blocks for 7 individuals.

o NMC Portsmouth provided 104 slides for 13 cases, NMC San Diego
provided 33 slides for 4 individuals, and AFIP provided 130 slides for 8
individuals (2 individuals had slides only and 6 had blocks and slides).

o Pathological specimens (blocks or slides) were available for 30/1,328 or
2.3% of hospitalizations from the MTF search.

o Pathological specimens were located at the AFIP Repository for a limited
number of the 2,657 hospitalizations identified as a result of the VA search.

The overall rate of acquisition of specimens among active duty enlisted personnel with a
discharge diagnosis of sarcoidosis was 2.3%. This was probably due to routine discarding
of tissue blocks and other specimens by MTFs.

6.0 PATHOLOGICAL ANALYSES OF SPECIMENS
6.1 Introduction

Diagnosis of sarcoidosis is generally based on clinical and radiographic findings that can be
confirmed with a biopsy revealing noncaseating granulomas (Yamamoto, Sharom, &
Hosoda, 1992). Sarcoid-like granulomas have been described in many organ sites,
including the lungs (Drent et al., 2000; Sharma & Bijwadia, 1993) and skin (Jones, et al.,
1997, Blobstein, Weiss, & Myskowski, 1985; Jones, Maloney, & Helm, 19197). Presence
of birefringent foreign bodies in these granulomas raises concern to exclude a diagnosis of
pneumoconiosis. This investigation used Scanning Electron Microscopy Energy-Dispersive
X-Ray Spectrometry (SEM-EDXS) for the study of mineral deposits in cases
demonstrating sarcoid-like granulomas of the lungs and lymph nodes. Recent investigations
employing SEM-EDXS have reported cases of systemic sarcoidosis in which birefringent
foreign bodies consisting of silicon, aluminum, phosphorus, and calcium have been
described (Fanburg, 1996; Kim et al., 2000). It has been suggested that the presence of
birefringent foreign bodies may serve as a stimulus for granuloma formation in sarcoidosis
(Walsh et al., 1993; Kim et al., 2000). Endogenous calcium carbonates and calcium
oxalates are also known to occur in lung biopsy
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Table 5.3.1. Number of sarcoidosis cases with pathological specimens requested
and number received, by hospital, 1965-2003

Number of individuals

No. of with pathology materials

case records With Total no. of

requested With  slides tissue samples
Hospital 1965-2000 blocks only Total Percent Blocks Slides
Portsmouth 373 0 13 13 3.5 0 104
San Diego 248 5 4 8 3.2 6 33
Bethesda 205 0 0 0 0.0 0 0
Jacksonville 104 0 0 0 0.0 0 0
Charleston 91 0 0 0 0.0 0 0
Great Lakes 57 0 0 0 0.0 0 0
Newport 55 0 0 0 0.0 0 0
Pensacola 44 1 0 1 2.3 5 0
Bremerton 40 0 0 0 0.0 0 0
Groton 21 0 0 0 0.0 0 0
Camp Lejeune 19 0 0 0 0.0 0 0
Corpus Christi 16 0 0 0 0.0 0 0
Hosp. unavail. 55 0 0 0 0.0 0 0

All 1,328 6 17 22 1.7 11 137

AFIP 1,328 7 2 10 0.7 22 130
Total 1,328 13 19 32 2.3 33 267
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granulomas in up to two thirds of cases of sarcoidosis, sometimes possibly creating an
occasional false positive diagnosis of pneumoconiosis (Visscher, Sharam, & Hosoda,1988).

6.2 Methods
6.2.1 Selection of material

Protocol for identification of useable case material. Any candidate material received at
AFIP from an MTF, or retrieved from the AFIP Repository was reviewed under a protocol
for selection of useable material. All candidate specimens were reviewed by Drs. William
Travis and K. Capps of AFIP for suitability for analysis. The protocol for assessment of
tissue samples for inclusion in pathological analyses was developed and agreed upon by the
investigators. The following protocol was followed:

1. The individual identifying information was checked against a master file to determine if
the sample was from the correct person and admission.

2. Each candidate tissue sample for inclusion in the study was reviewed by 2 qualified
individuals at AFIP.

3. For samples meeting the above criteria, the following applied:

a. The sample must have been of relevant tissue (e.g., lung or lymphoid tissue).

b. The sample must have been for a diagnosis with a relationship to lung
disease.

c. There must have been sufficient pathological material and it must have
contained a block or unstained slide.

d. The sample must not have been degraded beyond use.

This protocol resulted in all lung or intrathoracic lymphoid tissue being included for
detailed analysis. Pathological material that initially met these inclusion criteria were
identified for 32 individuals, and specimens for these individuals were provided to AFIP
and the External laboratory (SUNY, Syracuse) for microscopic examination. The director
of AFIP portion of the pathological investigation was Dr. William Travis. The AFIP
mineralogical analysis was directed by Dr. Jose Centeno. The director of the External
laboratory, at SUNY Upstate Medical Center, Syracuse, NY, was Dr. Jerry Abraham.

Additional Information on Identification of Useable Material. AFIP did not make a
pathological diagnosis of sarcoidosis. Because sarcoidosis is a clinical-pathological
diagnosis, patients usually received an initial pathological diagnosis from AFIP of
"multiple non-caseating granulomas, etiology undetermined.” For this reason, sarcoidosis
cases were identified according to their clinical hospital discharge diagnoses recorded at
the various MTFs.
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Selection of control specimens. The control specimens were a convenience sample of
material identified by a search of the AFIP Repository for non-neoplastic lung disease and
intrathoracic lymph node specimens that had blocks available for mineral analysis.

AFIP identified extant pathological materials for 14 individuals who had no known hospital
discharge diagnosis of sarcoidosis during active duty naval service. These included 3 Navy
enlisted service members who had a discharge diagnosis for an acute respiratory illness
during active duty. These included 1 individual with pulmonary eosinophilia (ICD-9 Code
518.3), 1 with pneumonia (ICD-9 Code 486) and 1 an unspecified acute upper respiratory
infection (ICD-9 Code 465). The 14 individuals also included 4 enlisted service members
with a history of active duty Navy service, but who had no known discharge diagnosis of
sarcoidosis while on active duty. These service members are denoted in the relevant tables
with the phrase “No hospitalization.” It also included 7 individuals for whom no career
history of active duty service in the Navy could be identified and who therefore, had no
record of either a naval career nor a discharge diagnosis of sarcoidosis. These individuals
are denoted in the relevant tables with the phrase “No history.”

Protocol for Selection of Specimens to Be Examined at AFIP and by the External
laboratory. The following protocol was followed for selection of specimens to be tested by

AFIP and by the External laboratory using light microscopy, and, when tissue blocks were
available, by additional analytic methodologies.

1. Useable specimens identified in the NLDAP were examined at AFIP and the External
laboratory. Samples from the same block were examined at both facilities.

2. Control specimens selected by AFIP for the study were examined at AFIP and the
External laboratory. The same samples were examined at both facilities.

6.2.2 Analyses at AFIP

6.2.2.1 AFIP light microscopy. AFIP examined pathological materials for 30 individuals
using light microscopy, and provided these materials to the External laboratory. The
standard methods of preparation for histological examination of tissue at AFIP were used.
Sections of 4-6 um thickness were cut on a rotary microtome with a disposable blade and
mounted on glass slides. The sections were deparaffinized and stained with hematoxylin-
eosin (H&E). The examination included illumination of specimens with polarized light.
Pathological materials for 28 of these 30 individuals also were examined by light
microscopy by the External laboratory.

6.2.2.2 AFIP mineral analyses. AFIP performed mineral analyses of 16 specimens of lung
or intrathoracic lymphoid tissue by SEM-EDXS using standard methods. Specimens were
included in this analysis based on availability of an adequate quantity of extant tissue that
was free of mercury contamination, and availability of technical assistance. Sections of 4-6
um thickness were cut on a rotary microtome with a disposable blade, as described above.
The sections were mounted on carbon disks or 222 x 60 mm Thermanox (NUNC) plastic
cover slips. Prior to mounting the section on the carbon disk, the disk was washed with
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concentrated H,SO4 (to remove Fe), then thoroughly rinsed with distilled deionized water,
placed in acetone and ultrasonicated for 2 hours. The carbon disks were washed again with
distilled deionized water and placed in a vacuum oven to dry for 12 hours. Prior to the
SEM-EDXS, sections mounted on the carbon disks were deparaffinized with 2 changes of
xylene and 2 changes of absolute ethyl alcohol. The sections mounted on plastic disks
were deparaffinized and carbon coated. The samples were not polished.

A Hitachi S-3500N scanning electron microscope, a NorAm Energy Dispersive
Spectrometer and KEVEX software were used to examine the tissue sections. An
accelerating voltage of 20 KeV and approximately 1 nanoAmpere beam current were used,
with 100-second analysis for each particle. The backscattered electron images at
magnifications from 4,000x - 20,000x were used to observe the morphology of the tissues
and to record the composition of the inorganic particles.

The quantitative analyses were done according to the procedure described by Abraham and
Burnett (1983). Fields were searched at a magnification of 6000x, 11-12 mm working
distance, 20 kV accelerating potential, and 4 cm specimen to x-ray detector. Each field
area was 374 um? and was selected randomly and consecutively on the screening view. For
each field, the field number and number of particles were recorded. For each particle, the
size, chemical content, and x-ray counts were recorded. Each section was analyzed by
counting the number of particles in at least 100 fields (between 100 and 200). A maximum
of 20 particles were analyzed in each field. Particles containing phosphorus, sulfur, and
calcium as major constituents, with smaller amounts of sodium, potassium, magnesium,
and chlorine, were considered endogenous. Particles containing silica, silicates, and/or
metals were considered exogenous. The number of particles detected in a given number of
fields represented the numerical concentration of particles per unit volume of the sample.

6.2.3 Analyses at the External laboratory (SUNY)

Pathological material obtained using the criteria described above was prepared in duplicate
by AFIP and a second sample was sent to the External laboratory at SUNY Syracuse, for
comparative analyses. Details are provided below.

6.2.3.1 Light microscopy at the external laboratory. Samples prepared by AFIP were sent
to the external SUNY laboratory. The external laboratory used standard pathological
methods for light microscopy of lung tissue containing potential particulates, including
illumination of the samples with polarized light. All the H&E stained slides were reviewed
at the laboartory. Specimens suitable for further analysis were selected for standard
quantitative in situ microanalysis of inorganic particles using SEM-EDXS.

6.2.3.2 Mineral analyses at the external laboratory. Specimens selected by the external
laboratory for mineral analysis were analyzed using standard quantitative in situ
microanalysis for inorganic particles using SEM-EDXS. This method has been described
previously (Abraham, & Burnett, 1983). This method is appropriate for determining the
burden of inorganic particles in lung or other tissues.
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6.2.4 Statistical analyses

Agreement between the hospital discharge diagnosis and the microscopic pathological
findings was evaluated using two-by-two tables and standard measures of agreement.
Agreement between the 2 laboratories on microscopic features of the tissue was further
evaluated using the Kappa statistic, a standard measure of the overall degree of agreement
between observers, corrected for chance (Cohen, 1960; Landis, & Koch, 1977). Kappa
values of 0.40 to 0.75 denote intermediate to good agreement above chance, while values
greater that 0.75 indicate excellent agreement above chance (Landis, & Koch, 1977). The
association of a history of assignment to an aircraft carrier or another type of ship with
pathological features of the specimens was evaluated using ORs and their 95% Cls based
on the method of Woolf (Kirkwood, & Sterne, 2003). P-values were determined using the
chi-square test, and, when needed due to sample size limitations, Fisher’s Exact Test
(Armitage, & Berry, 1994: pp. 413-5). The higher the OR, the stronger the degree of
association between a factor of interest and a rare or uncommon disease (Lilienfeld, &
Stolley, 1994). The OR is an estimate of the relative risk of disease in exposed compared
to unexposed individuals. An OR of 2.0, for example, denotes that the disease was
approximately twice as likely to have occurred in individuals who were exposed to the
factor of interest as in those who were not so exposed. ORs, p-values, and confidence
limits were calculated using SAS (Cary, NC, SAS Institute). Kappa and other statistics
were calculated using StatXact (Cytel, Cambridge MA).

6.3 AFIP Findings
6.3.1 AFIP light microscopic findings

Pathological findings for the materials from 30 individuals that were examined by AFIP
using light microscopy are shown in Table 6.3.1. There were 18 individuals who had a
Navy hospital discharge diagnosis of sarcoidosis (ICD-9 Code 135). Of these, 16 had a
light microscopic examination of their tissue by AFIP. These included 8 who had
specimens of lung parenchyma, another 2 who had tissue from trans-bronchial biopsies that
included bronchial mucosa and/or lung parenchyma, 5 who had solely lymphoid tissue, and
1 whose specimen consisted solely of nasal sinus bone and mucosa. There were 14 other
individuals who did not have a Navy discharge diagnosis of sarcoidosis, but whose tissue
AFIP examined for the study using light microscopy. These included 8 individuals with
specimens of lung parenchyma, 2 with tissue from trans-bronchial biopsies that included
bronchial mucosa and/or lung parenchyma, 3 who had solely lymphoid tissue, and 1 of
“soft tissue” of unspecified anatomical origin that included necrotizing granulomas.

6.3.2 AFIP Mineral analysis findings

The results of the elemental analyses of 19 specimens from 15 individuals using SEM-
EDXS are presented in Table 6.3.2. Section A of this table presents the data and Section B
provides mean values and results of a nonparametric analysis of variance (ANOVA). The
elements identified included silicon, aluminum, calcium, phosphorus, sodium, and trace
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amounts of titanium and other elements in some specimens. Silicon was present in all
specimens that were tested, and was in the 5-20% range in 4 of the 5 samples. Aluminum
was present in 4 of the 5 samples, and was in the 5-20% range in 2.

This section was contributed by Drs. Jose A. Centeno, William D. Travis, Elizabeth Meza,
and Zorimar Rivera, of the AFIP Department of Environmental and Toxicological
Pathology and is based on a report currently in preparation titled “Scanning Electron
Microscopy for the Study of Mineral Deposits in Tissues With an Association to
Sarcoidosis.”

6.4 External laboratory (SUNY) Findings

6.4.1 External laboratory light microscopic findings

Results of light microscopic examinations by the external laboratory are shown in Table
6.4.1.
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6.4.2 External laboratory (SUNY) mineral analysis findings

The external laboratory performed SEM-EDXS analyses for mineral and elemental content
of 23 specimens from 14 individuals, including 9 who had a history of active-duty Navy
service and had been hospitalized for sarcoidosis and 5 who had no history of active-duty
service in the Navy, nor of a Navy hospitalization for sarcoidosis. Results of these
examinations are shown in Table 6.4.2. Section A of this table presents the data and
Section B provides results statistical testing. Silica was reported in tissues from all but 1 of
the 14 individuals. Concentrations of silica exceeded 100,000,000 particles per cubic
centimeter of tissue in lung tissue from 4 individuals, including 2 with specimens of lung,
and 1 each with specimens of bronchial or lymphoid tissue. Aluminum silicates were
reported in specimens from all individuals, with concentrations exceeding 100,000,000
particles per cubic centimeter in lung tissue from 2 individuals, and in lymphoid tissue
from another. Miscellaneous silicates were detected in lung tissues from 4 individuals,
bronchial tissue from 1, and lymphoid tissue from another. Talc was present in lung tissue
from 4 individuals, and in lymphoid tissue from 3. Gypsum was present in lung tissue
from 1 individual, and in lymphoid tissue from another.

Mean particulate concentrations were compared in specimens from individuals who ever
served aboard any Navy ship (including aircraft carriers) with specimens from those who
never served aboard any Navy ship (including those with no record of a Navy enlisted
career). The association with history of service aboard any ship was tested using the
Mann-Whitney U-test.

6.5 Combined Laboratory Findings

This section examines the degree of agreement between AFIP and SUNY laboratories on
pathological findings from readings of both of the specimens from active duty Navy
enlisted service members with a hospital discharge diagnosis of sarcoidosis (ICD-9-CM
Code 135).

6.5.1 Comparison of laboratory findings

There was a very high degree of agreement between the evaluation of pathological
specimens by AFIP and SUNY regarding whether the material was consistent with
sarcoidosis (Table 6.5.1). All 14 individuals whose specimens AFIP reported as consistent
with sarcoidosis also were reported as consistent with sarcoidosis by the SUNY team
(100%). The overall agreement was 91%. The expected agreement based on chance was
59%. The Kappa value was 0.77 (p = 0.001). This value of Kappa is indicative of
excellent agreement (Landis, & Koch, 1977) between AFIP and SUNY readings.

One lymphoid tissue specimen that AFIP examiner read as consistent with sarcoidosis and
the SUNY examiner reported as not consistent with sarcoidosis was a 24-year-old white
male Data Systems Technician who had a history of assignment to an aircraft carrier.
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All pathological materials examined from individuals with no history with a discharge
diagnosis of sarcoidosis while on active duty (3 individuals) or record of hospitalization in
a Navy MTF (4 individuals) were reported by AFIP to be consistent with sarcoidosis.
These individuals may have developed sarcoidosis after their Navy hospitalization, or their
sarcoidosis may have been previously missed.

External laboratory (SUNY) findings. There were 22 individuals whose specimens were
examined by SUNY and who had Navy career and hospitalization records available (Table
6.4.1). 17 had a Navy hospital discharge diagnosis of sarcoidosis during active duty. Of
these, 10 (59%) were read as consistent with sarcoidosis by the SUNY laboratory.

7 individuals with a hospital discharge diagnosis of sarcoidosis were considered by the
external laboratory as not consistent with sarcoidosis. Details of these individuals are
summarized below:

One individual was a 24-year-old black male Operations Specialist who had no career
history of assignment to an aircraft carrier or other ship. SUNY read his lung tissue as
“Granulomas; some focal necrosis.” The SUNY pathology team reported that there were
opaque and birefringent particles in the granulomas. These particles were reported as
consistent with titanium dioxide, and not consistent with silica or talc. They were reported
as not of endogenous origin. AFIP described the specimen as “Noncaseating miliary
granulomas, etiology undetermined.” The AFIP examiner noted “3+ granulomas” with
“prominent necrosis, favor infection.” (1).

The second was a 35-year-old black male Ship’s Serviceman who had been assigned to an
Escort Ship, although not an aircraft carrier. His lung tissue specimen was from an
autopsy. AFIP read the specimen as “pulmonary edema and generalized congestion.”
SUNY read it as “nearly normal” except for terminal aspiration. Both laboratories reported
seeing no granulomas and no necrosis. SEM-EDXS analysis by AFIP revealed 64 million
particles of silica and 109 million particles of aluminum silicates per cubic cm of tissue.
Iron (4 million particles per cubic cm) and miscellaneous silicates (2 million particles per
cubic cm) were also present. (4).

Another individual was a 24-year-old white man who served as a Seaman and Ship’s
Serviceman aboard an aircraft carrier, a guided missile destroyer, an escort ship, a
destroyer tender, and a frigate preceding his diagnosis of sarcoidosis in 1978. His lymph
node biopsy was read by SUNY as “fibrous old granulomas; no giant cells.” SUNY
pathologists reported that the granulomas were noncaseating. According to SUNY, the
specimen contained some birefringent particles, and the particles in this material were read
as consistent with silica. There were no particles consistent with talc. AFIP had read the
same specimen as “Compatible with Sarcoidosis” and noted 3+ focal hyalinized
granulomas without necrosis. AFIP noted a few small black particles, but no birefringent
particles (5).

The fourth individual was a 29-year old black male Yeoman who previously was a Seaman
assigned aboard an aircraft carrier. His pathological material was a transbronchial biopsy
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that was read by SUNY as “Some fibrosis; alveolar macrophages w/ fine dust consistent
with TiO,.” The SUNY examiner indicated that the fibrosis was associated with the TiO,
(titanium dioxide) particles. Birefringent particles of unspecified morphology also were
noted. The AFIP examiner also had read this trans-bronchial biopsy specimen as not
consistent with sarcoidosis. AFIP read the specimen as “Mononuclear cells, non-
diagnostic/focal calcification etiology undetermined.” They reported no granulomas or
necrosis and considered the material nondiagnostic. (22).

The fifth individual was the 44-year-old black male Dental Technician mentioned earlier
(in Section 5.5.1). His specimen was nasal sinus and bone, and was considered consistent
with sarcoidosis by AFIP but not SUNY (29).

The sixth person was a 37-year-old black male Air Traffic Controller who had a history of
assignment to an aircraft carrier and an amphibious ship (LHD). He had previously been
an Aviation Structural Mechanic specializing in hydraulic systems. His trans-bronchial
biopsy of lung parenchymal tissue specimen was read by AFIP as containing no
granulomas and as not consistent with sarcoidosis (Table 6.3.1). It was read by SUNY as
“Tbb; rare macrophages with opaque dust, no granulomas.” (31).

The seventh individual was a 37-year-old black man who had served aboard an aircraft
carrier, as an Airman and Aviation Ordnanceman. The AFIP examiner saw no granulomas
in the specimen, and read it as not consistent with sarcoidosis. The SUNY examiner also
saw no granulomas, but noted that the specimen consisted mainly of bronchial mucosa,
with insufficient lung parenchyma available for evaluation. Both AFIP and SUNY
examiners noted that there were no particles visible in the specimen. (32).

In summary, the individuals on whom SUNY and AFIP were not in general agreement
were drawn from a variety of occupations and had a wide range of pathological
characteristics on light microscopy and SEM-EDXS.

Of 5 individuals who had no Navy history of discharge diagnosis of sarcoidosis whose
specimens were examined, all were classified by the external laboratory as consistent with
sarcoidosis. These 5 included 1 who had a Navy hospitalization solely for an acute upper
respiratory infection while on active duty and 4 who had no record of an active-duty Navy
hospitalization.

Confirmation of hospital discharge diagnosis of sarcoidosis. If AFIP and SUNY
microscopic readings are regarded as standards against which the validity of the clinical
diagnosis may be assessed, the results suggest that the hospital diagnosis of sarcoidosis was
somewhat specific, but not necessarily sensitive, at least within the limited material that
was available. This would not constitute a problem from a clinical perspective, because an
individual who was free of symptoms or who had an acute respiratory illness would not
generally be diagnosed as a case of sarcoidosis based solely on the existence of
noncaseating granulomas or other hallmarks of sarcoidosis in a pathological specimen. A
possible exception might be made if occasional pathological features that are uncommon
sentinels of sarcoidosis, such as Schaumann bodies, are reported from microscopic analysis
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of a pathological specimen. However, since the sample size was small and not necessarily
representative of all individuals with a hospital discharge diagnosis of sarcoidosis, the
results cannot be generalized.

Laboratory agreement on detailed pathological features. Table 6.5.2 shows the degree of
agreement between AFIP and the External laboratory on detailed pathological features. The
overall percentage agreement between AFIP and the external laboratory was very high on
most pathological features. For example, there was 100% agreement on presence of
granulomas and 87.5% agreement on whether the specimen was consistent with sarcoidosis
and on whether particles were present in the specimen. There was greater divergence on
presence of endogenous birefringent particles. This may, in part, be due to subtle
differences in criteria for reporting endogenous or birefringent particles between the 2
laboratories, or possibly differences in technique.

Laboratory agreement on SEM-EDXS results.

AFIP provided a direct comparison of SEM-EDXS data on 10 samples from 7 individuals
whose pathological materials were examined using SEM-EDXS by both laboratories
(Appendix Table 1). This comparative analysis was provided by Dr. Jose Centeno of
AFIP. 4 of the silica concentrations reported by AFIP were higher than those provided by
SUNY, and 6 were lower. 8 of the aluminum silicate concentrations reported by AFIP
were higher than those from AFIP, and 2 were lower. Further known information on the

individuals whose pathological material was examined is provided in Appendix Tables 2-
6.

6.6 Aircraft carrier, other ship assignments, and laboratory findings

Both laboratories performed light microscopic examinations of tissue specimens that
included a search for silica-like and birefringent particles. This part of the report examines
the presence of particles and pathological features in the specimens according to history of
assignment to aircraft carriers. In order to be as inclusive as possible, some analyses were
performed without limitation regarding whether the diagnosis was sarcoidosis. Findings
from AFIP are described first, then those from SUNY. In general AFIP examination
tended to show little or no association between history of assignment to an aircraft carrier
and features such as silica-like and birefringent particles. However, a trend suggestive of a
possible correlation of aircraft carrier assignment with silica-like particles was seen when
the analysis was limited to lung parenchyma. The findings from SUNY also were not

67



(I#¢ 2 "W $F°€ 007 832 € 91X)

"sajedIIs pue eoIfIs ‘sojonred eoiyis s[qissod jo prodax sapnpouy),

‘(aaoqe) ,SuIssIA,, A1033180 oY) Ul PApN[OUL SXe S[enPIAIPUI 7 9S9Y ], *AN(]S Aq AJuo pap1aoid [enpIAIpul SUO

o) woy [eLejew Uo Jodal e pue ‘A1ojeioqe] ISY)0 WOY [ENPIAIPUI SUO WO [BLIS)eW U0 110doI OU SeM 219} 9sNedaq
SIsATeue SIYJ) WOL POPNJOXa SI9M S[BNPIAIPUL 7 WOY suswoads [eoi3ojoyied "aaoqe samjesy ordoosoornu

[Te JoJ sauojeIoqe] §joq Aq papodal 9I1oM UOWTIOD UI S[ENPIAIPUI 9 WO S[ELISJEW [BII30[0YIR ]y

900 920~ 007 010 0°'SL C 91 ! € 4! 0 saporred snousgopuyg
6L°0 L10- 0£0 1€0 8'89 C 91 [4 € 8 € sojorred juadurgang
680 0€0- €£€0 670 €18 [4 91 1 [4 4! ! 4 soponred ay1r-eoNIg
00T TV'0 100> SLO G'L8 (4 91 I 1 8 9 jussaxd saronred Auy
780 LOO 900 9¥0 0°SL (4 91 0 14 6 € Juasaid SISOI0ON
00'T 00T 70000 > 00'1 0001 C 91 0 0 14 4! juasald sewo[nueln)
00T I¥0 100> ¢€LO S'L8 [4 91 0 [4 S 6 SISOPIOJIES [)IM JUD)SISUOD)
Toddy Tomoq d eddey] JUOWIOoISE JUISSTW LJBI10T ,S9K, ANIIS »ONu ANNS #ON.  #S9K. 31njesy
Sy o8ejuoorad  oN WONL ATV .SPA. dIAV  ylog  mog 91d09SOIOTA]
9OUSPIJUO)) %S6 [[eI0AQ :SB MO[2q 21n)ea] 91d0oSOIoIUI YIed I0)

Paniodol sem [BLI9JEUE 9SOYM S[ENPIAIPUI JO "ON

(£00Z-7007 SuLmp paurioyiad suoneururexs ansst) 51dodsoId) SISOPIOdTes JO sisouderp a31eyosIp [e)1dsoy e paAISdaI oYM

UowW Po)SI[Us AAeN AINp-sAnoe ‘suswroads Jo somjesy ordossororur uo x NS Pue JIIv Usamiaq juswsaidy 7'69 o[qe

68



statistically significant, but suggested a possible trend between history of assignment to an
aircraft carrier and presence of silica or silica-like and birefringent particles (see below).

6.6.1 AFIP findings

According to light microscopic analyses by AFIP of specimens from 16 individuals with a
history of a sarcoidosis diagnosis in a Navy hospital, individuals with a history of
assignment to an aircraft carrier did not differ significantly from those without such a
history on any microscopic feature, compared with those who had never been assigned
aboard a ship (Table 6.6.1.1). There were 2 individuals with a discharge diagnosis of
sarcoidosis who were originally thought to have sufficient pathological material for
analysis, but whose samples ultimately were considered inadequate for analysis by AFIP.
Material from these individuals was therefore not included in the analysis (23, 27).

When data on presence of silica-like particles were stratified according to type of tissue
(lung parenchyma or lymphoid), individuals who had a history of assignment to an aircraft
carrier also did not differ significantly from those without such a history (Table 6.6.1.2).
However, the OR for silica-like particles in those with a history of assignment to an aircraft
carrier rose to 2.5, which was higher than the OR of 1.0 in the combined analysis of lung
and lymphoid tissue (Table 6.6.1.1). The OR when the analysis was limited to lymphoid
tissue was 0.71, which was slightly lower than the OR of 1.0 from the combined analysis.
SEM-EDXS by history of ship assignment is shown in Table 6.3.2. None of the
associations were statistically significant, although there were trends suggestive of possibly
higher concentrations of silica, aluminum silicates, total metals, Ti, Al, Zr, Cu, Co, Ba, and
W.

Analyses also were performed according to history of assignment to any type of ship, but
no association reached statistical significance except for a negative association of
assignment to any ship and presence of birefringent particles (Table 6.6.2).

In order to assess the effect of sample size limitations, above analyses were repeated
including all 30 individuals on whom AFIP provided data from a light microscopic
examination (Table 6.6.3 for carrier history and Table 6.6.4 for history of assignment to
any ship). As with the previous analyses limited to sarcoidosis cases, there were no
statistically significant associations. The individuals who did not have a discharge
diagnosis of sarcoidosis and were included in this broader analysis, included 1 individual
who was hospitalized for pulmonary eosinophilia, 1 for pneumonia due to an unknown
organism, and1for an acute upper respiratory infection that was not further specified.
There were also 4 individuals who had no history of hospitalization while in the Navy, and
7 who had no history of service in the Navy, nor any Navy hospitalization. Further details
on the characteristics of these and other individuals are shown earlier (Table 6.3.1).
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6.6.1.2. Stratified analysis of microscopic findings of silica-like particles, according to
aircraft carrier assignment, individuals with a hospital discharge diagnosis of sarcoidosis
ICD-9-CM Code 135), AFIP, 2002-2003*

A. Lung tissue*

Silica-like
Aircraft carrier particles
assignment history No. Yes No
Carrier 3 1 2
Noncarrier 6 1 5
Total 9 2 7
Odds ratio
Carrier vs. noncarrier 2.5
pi 1.00
Lower 95% confidence interval 0.10
Upper 95% confidence interval 62.6
B. Lymphatic tissue

Silica-like
Aircraft carrier particles
assignment history No. Yes No
Carrier 3 0 3
Noncarrier 2 0 2
Total 5 0 5
Odds ratio
Carrier vs. noncarrier 0.71
rt 1.00
Lower 95% confidence interval 0.01
Upper 95% confidence interval 53.1

*This was a stratified analysis of 9 individuals who had lung parenchymal tissue available, and
5 individuals who had only lymphatic tissue available. Two individuals were excluded

due to tissue that was neither lung parenchyma nor lymphatic. One had only bronchial
mucosa available and the other had only nasal sinus mucosa and bone

available. There were also 2 individuals for whom no report of light

microscopic examination was received).

tBased on Fisher's Exact Test.
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6.6.2 SUNY findings

The results of corresponding analyses by SUNY are shown in Table 6.6.5.1. In addition to
features reported by AFIP, SUNY reported on particles within granulomas, opaque and
birefringent particles, TiO,, and talc. SUNY reported light microscopic findings for 17
individuals with a history of hospitalization for sarcoidosis. Analyses included all
sarcoidosis cases reported by AFIP plus 1 additional case (I.D. No. 27).

Microscopic features of all specimens from all sites from individuals with a history of
assignment aboard an aircraft carrier were not significantly different from those without
such a history. However, there were 2 possible trends that, while not statistically
significant, were of interest. Individuals with a history of aircraft carrier assignment were
5.7 times more likely to have silica-like particles, silica, or silicates visible on microscopy
than individuals who had never been so assigned. Those with an aircraft carrier history
also were 5.0 times more likely to have birefringent particles present.

When data on silica-like particles were stratified according to type of tissue (lung
parenchyma or lymphoid tissue) individuals who had a history of assignment to an aircraft
carrier also did not differ significantly from those without such a history (Table 6.6.5.2).
The OR for presence of silica-like particles in those with a history of assignment to an
aircraft carrier was 5.6, approximately the same as in the combined analysis of lung and
lymphoid tissue (5.7). The OR when the analysis was limited to lymphoid tissue was 3.0.

SUNY SEM-EDXS of specimens from all tissues combined by ship (Table 6.4.2) revealed
no statistically significant associations, but there were nonsignificant trends suggestive of
possibly higher concentrations of particulates in individuals who had a history of
assignment to any type of Navy ship.

Also among specimens from all tissues combined, individuals with a history of assignment
to any ship did not differ significantly from those without such a history for any light
microscopic features (Table 6.6.6). The association of history of assignment to any ship
with silica-like particles was considerably weaker than in the comparison of data limited to
aircraft carriers (Table 6.6.5.1). The trend with birefringent particles that was seen for
history of aircraft carrier assignment was not present for a history of assignment to any
ship. This suggests that the trend toward a possible positive association of silica-like and
birefringent particles with a history of assignment to aircraft carriers may have been diluted
when all ships were included.
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6.6.5.2. Stratified analysis of microscopic findings of silica-like particles, according to
aircraft carrier assignment, individuals with a hospital discharge diagnosis of sarcoidosis

ICD-9-CM Code 135), SUNY, 2002-2003*

A. Lung tissue

Silica-like
Aircraft carrier particles
assignment history No. Yes No
Carrier 4 1 3
Noncarrier 6 0 6
Total 10 1 9
Odds ratio
Carrier vs. noncarrier 5.57
pt 0.40

Lower 95% confidence interval 0.14
Upper 95% confidence interval ~ 218.0

B. Lymphatic tissue

Silica-like
Aircraft carrier particles
assignment history No. Yes No
Carrier 3 1 2
Non-carrier 2 0 2
Total 5 1 4
Odds ratio
Carrier vs. non-carrier 3.00
rT 1.00

Lower 95% confidence interval 0.10
Upper 95% confidence interval  151.2

*This is a stratified analysis of 10 individuals who had lung parenchymal tissue available, and
five individuals who had only lymphatic tissue available. Two individuals were excluded
due to tissue that was neither lung parenchyma nor lymphatic. One had only bronchial

tissue available, and the other had only nasal sinus mucosa and bone available.

tBased on Fisher's exact test.

(XL13, Feb. 3, 2004, 1135 PM v. 1.1)
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The SUNY findings were expanded to include all 29 individuals whose pathological
material was examined by SUNY, regardless of diagnosis, in order to maximize sample
size (Table 6.6.7). While there were no statistically significant associations, the trends for
silica-like and birefringent particles were similar to those observed for the analysis that was
limited to men with a hospital discharge diagnosis of sarcoidosis (Table 6.6.5).

When the data were stratified according to whether the tissue in the specimen was of lung
or lymphoid origin, there were 4 individuals with a history of service aboard any type of
ship and an equal number with no history of service aboard any type of ship who had lung
parenchymal tissue available. Concentrations of titanium (p = 0.04) and aluminum (p =
0.05) were higher in the individuals who had a history of assignment aboard any type of
Navy ship than in those with no shipboard assignment history. These results are shown in
Appendix Table 6. There also were suggestive trends toward higher concentrations of
total metals (p = 0.11), chromium (p = 0.12), and aluminum silicates (p = 0.15) in
individuals who had a history of assignment to any type of ship. The sample size that was
available was not large enough to allow statistical analysis with further stratification
according to type of ship.

There was no statistically significant association between history of assignment to any type
of ship and any light microscopic feature (Table 6.6.8). The trend for silica-like particles
was considerably weaker than for the comparison with a history of assignment to an
aircraft carrier, and the trend for birefringent particles was no longer present. Dilution of
the trend may have occurred when all types of ships were combined, as in the analyses
above.

These analyses were not able to identify the reason for the apparent divergence between the
light microscopic findings by AFIP and those by SUNY. However, the apparent
divergence is based on decisions regarding 2 individuals. This divergence is not
statistically significant, and could be due to chance.

6.6.3 Additional SUNY SEM-EDXS data on nonmilitary specimens

The SUNY laboratory also provided for consideration and possible comparison the results
of SEM-EDXS of pathological materials obtained from postmortem examinations of 19
nonmilitary individuals, mainly residents of New York counties, with a range of
backgrounds and occupational histories (Appendix Table 7). No statistical procedures
were performed of these supplementary data, but they are provided for use as needed and
appropriate for comparison with other data for individuals of similar ages.
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7.0 CONCLUSIONS BASED ON PATHOLOGY
7.1 Availability

Despite an extensive search for extant pathological materials from Navy hospitals and the
AFIP Repository, few suitable specimens were available for analysis (Section 4.3).
Repeated contacts were made with all Navy hospitals, but samples for only 22 individuals
could be located. These included samples from 13 individuals at Naval Hospital
Portsmouth, 8 at San Diego, and 1 at Pensacola. Only 5 specimens from the Naval
hospitals met the criteria for inclusion in the study, all from Naval Hospital Portsmouth.

The criteria for inclusion were established by the Joint Pathology Working Group, and are
described in Section 5.2.1. They included a requirement that the tissue was either lung or
lymphoid, not degraded beyond use, collected for diagnosis of a lung disease or a disease
related to the lung, of adequate quantity for review and included a block or an unstained
slide. In addition to the materials on 5 individuals received from Naval Hospital
Portsmouth, material from 27 individuals was obtained from the AFIP Repository. When
materials from all sources were combined, specimens were available for analysis from 32
individuals. AFIP examined specimens during 2002-2003 from 30 of these 32 individuals.
A record of the original pathological diagnosis was available on 27 of these patients from
DoD sources. The external laboratory (SUNY) examined duplicate samples of tissue from
28 of the 32 individuals. This limitation on available specimens occurred because
pathology specimens are not stored by hospitals as a routine practice beyond a few years,
and virtually all cases of sarcoidosis in this population were hospitalized many years ago.

7.2 Agreement on pathological characteristics

There was excellent agreement between AFIP and the external laboratory on whether the
pathological material was consistent with sarcoidosis (Section 5.5.1). Specimens from 21
naval enlisted personnel were read by both AFIP and SUNY. AFIP read 14 as consistent
with sarcoidosis, and SUNY read the same 14 as consistent with sarcoidosis, for 100%
agreement. There were 5 individuals whose specimens AFIP read as consistent with
sarcoidosis and SUNY read as not consistent, and 2 whose specimens AFIP read as
consistent with sarcoidosis but SUNY disagreed. Overall agreement was 91%. This
degree of agreement is recognized as excellent according to standard criteria for agreement
between observers in medical fields (Landis, & Koch, 1977).

There was also reasonably good agreement between the hospital discharge diagnosis of
sarcoidosis and the readings by the two laboratories. AFIP read specimens of 16 Navy
enlisted personnel who had a discharge diagnosis of sarcoidosis while on active duty, and
reported that specimens from 11 were consistent with sarcoidosis. This is 69% agreement.
It is considered reasonable agreement because sarcoidosis largely is a clinical diagnosis,
and factors other than the pathological findings play a major role in making the diagnosis.
Still, it suggests the possibility that some individuals who did not have sarcoidosis may
have been diagnosed as having it.
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Agreement with the hospital discharge diagnosis was similar for the external laboratory.
SUNY examined specimens from 17 Navy enlisted personnel who had a discharge
diagnosis of sarcoidosis, and reported that specimens from 10 (59%) were consistent with
sarcoidosis. This is also considered reasonable agreement for the reasons described above,
but also suggests that sarcoidosis may have been overdiagnosed.

Agreement on pathological features was extremely high for characteristics such as presence
of granulomas and necrosis. There was good agreement on other characteristics, with the
possible exception of endogenous particles, which were not consistently classified
compared with other pathological features. This apparent divergence between the 2
laboratories may reflect different criteria for identification of endogenous particles in the 2
laboratories.

7.3 Possible associations of ship assignment with pathological features

AFIP examined tissues from 16 Navy enlisted personnel with a hospital discharge
diagnosis of sarcoidosis, including 8 who had a history of assignment aboard an aircraft
carrier and 8 who had no known history of assignment to a carrier (Table 6.6.1.1).
According to AFIP findings, particles were no more common in specimens from men who
had been assigned aboard aircraft carriers than in those with no history of assignment to an
aircraft carrier. The likelihood of silica-like particles, in particular, was the same in those
with a history of assignment to an aircraft carrier and those with no know history of
assignment aboard a carrier (OR = 1.0).

SUNY examined tissues from the 17 individuals with a Navy hospital discharge diagnosis
of sarcoidosis, and found no statistically significant differences between the 2 subgroups
(Table 6.6.5.1). Specifically, particles were slightly less likely to have been found in men
with a history of assignment aboard an aircraft carrier (OR = 0.75) than in those who were
never assigned to a carrier. Still, the OR for silica-like particles was very high, 5.67 (p =
0.47), suggesting that there may have been some degree of association between a history of
assignment aboard an aircraft carrier and presence of silica-like particles in the lungs,
which did not approach statistical significance. It is possible that the sample size may have
been too small for an association to emerge as statistically significant.

A possible trend toward an association with birefringent particles also was present, but not
statistically significant. Certain forms of birefringent particles are strongly suggestive of
silica or silicates (Abraham, 1980; McDonald, & Roggli, 1995). The OR from the SUNY
examination for birefringent particles was 5.0 (p = 0.46). This elevated OR suggests that
there may have been some degree of association between a history of assignment aboard an
aircraft carrier and presence of birefringent particles that did not emerge as statistically
significant, possibly due to the limited sample size available. This might be parallel to the
trend with silica-like particles. Although none of the differences between men with carrier
and noncarrier histories based on data from either laboratory were statistically significant,
this was the principal area where light microscopic findings from the 2 laboratories
contrasted.
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7.4 Mineralogical analyses

The mineralogical analyses by SEM-EDXS revealed very wide and intriguing variation in
the quantitative mineral content of lung particles. In the AFIP analyses, silica was present
in tissue from all but 1 of the patients whose specimens were examined, ranging in
concentration from 3.6 to 235 million particles per cc. In the SUNY analyses, silica was
present in the tissue from all butlindividual, with concentrations ranging from 3.9 to 497
million particles per cc of tissue. Aluminum silicates were present in all butlindividual
whose tissues were examined by AFIP, with a range of 7.1 to 960 million particles per
cubic centimeter. Aluminum silicates were present in all tissues examined by SUNY,
ranging in concentration from 1.4 to 5.3 million particles per cubic centimeter. Titanium,
aluminum, iron, miscellaneous silicates, talc, and other elements and minerals also were
found in tissues from several individuals by both laboratories, but there was no statistically
significant association of the concentrations with service aboard an aircraft carrier or other
ship, possibly due to the limited sample size.

7.5 Summary of pathological findings and results

There have been vast technological advances in qualitative and quantitative techniques for
mineralogical analyses and evaluation of exogenous particles in lung and lymphoid tissue
in recent years. These advanced and sensitive techniques were applied to a limited number
of available historical specimens in this study by 2 internationally recognized laboratories
that worked independently. Their results were analyzed at a third laboratory using
statistical techniques appropriate for testing inferences based on small sample sizes.

Perhaps due to limitations of statistical power and sample size, results from these
laboratories did not identify a consistent set of pathological markers in lung or lymphoid
tissue associated with history of service aboard aircraft carriers or other ships. The
observation of the presence of early silicotic lesions or, possibly in latter cases, silicotic
nodules, were not noted.

Epidemiological studies have identified an association between history of service aboard an
aircraft carrier, and other ships, and an increased risk of a subsequent hospitalization for
sarcoidosis. For this reason, analyses that compared specimens from individuals with a
history of assignment on aircraft carriers or other ships with those of those with no such
history could have resulted in identification of a characteristic set of pathological markers
of an etiologic exposure. However, such a characteristic set of markers was not identified.

According to results from AFIP, the presence of silica-like particles was similar in lung and
lymph node material from those with a history of assignment to an aircraft carrier to those
with no known ship assignmeént history. By contrast, SUNY data suggested a possible
association between history of aircraft carrier assignment and silica-like and birefringent
particles. Such trends were absent when history of assignment to any type of ship was
contrasted with no history of ship assignment. The absence of a trend toward higher
particle concentrations in service members assigned to ships other than carriers could
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possibly be interpreted as suggesting a dose-response effect in terms of the exposure
thought to be most relevant (specifically, aircraft carrier service history). However, no
statistical evaluation of this inference was possible since none of the trends were
statistically significant and could have been due to chance.

Due to limitations of sample size, analyses of specimens by history of ship assignment
necessitated grouping data from lung parenchyma, bronchial mucosa, and intrathoracic
lymph nodes. Further subdivision of the data according to site of origin of the specimen
was attempted, but this stratification reduced cell frequencies to a point where no further
inferences were possible.

Although no further specimens could be identified in Navy MTFs after an extensive search,
it is possible that availability of additional specimens from the period of interest could have
resulted in identification of a consistent set of pathological markers associated with history

of shipboard service. Identification of a set of such markers may not have been possible in

the pathological study due to limited statistical power.

8.0 ADDITIONAL ANALYSES PERFORMED AT NHRC IN RESPONSE TO
RECOMMENDATIONS FROM EXTERNAL REVIEWERS AND ADVISORY
COMMITTEES

This section lists and describes additional analyses that were performed in response to
comments from Dr. Han Kang, VA Epidemiologist, the Public Policy Advisory Committee,
and the Joint Pathology Committee. The source of the comments is described below, along
with a summary of the substance of the comment and the response provided by NHRC.

8.1. Veterans Administration

Dr. Han Kang, an epidemiologist from the VA, suggested that additional analyses of
sarcoidosis incidence by ship service versus not serving aboard ship were necessary to
meetlof the overall goals of determining if sarcoidosis is associated with service on Navy
ships. In the case-control study, the analysis of aircraft carrier service history was limited
to comparison of men with history of assignment aboard an aircraft carrier at any time in
their naval career and those who had no known history of assignment to a carrier. The
effect of service aboard other ships was therefore not fully evaluated.

NHRC action taken: An analysis of risk of sarcoidosis in relationship to
history of service aboard ship types other than aircraft carriers to determine
the relationship to ship service, and to service aboard other ship types was
conducted. 5 separate multivariate logistic regression models were used to
determine the ORs for sarcoidosis associated with history of service aboard
destroyers and escort ships, amphibious ships, destroyer tenders, and
submarine tenders. The comparison population for each model included
active-duty enlisted men with a history of service aboard any other type of
ship or no ship service.

85



The period studied was from 1975 to 2001, when OBACs were available for
use for ship classification. There were 841 cases with first admissions for
sarcoidosis and 67,929 controls during this period. The OR associated with
history of service aboard destroyers was 1.77 (95% CI, 1.38-2.26). The OR
associated with history of service aboard amphibious ships was 1.18 (95%
CI, 0.80-1.73). The OR associated with history of service aboard destroyer
tenders was 1.86 (95% CI, 1.04-3.30). The OR associated with history of
service aboard submarine tenders was 2.15 (95% CI, 1.34-3.45).

ORs also were adjusted using logistic regression for race, age at first
hospitalization for sarcoidosis, date of entry to the Navy, age at entry to the
Navy, history of service aboard an aircraft carrier, and home of record.
After adjustment, none of the ORs remained statistically significant. The
multiple-adjusted OR for sarcoidosis associated with assignment aboard
destroyers was 1.25 (95% CI, 0.96-1.62). The OR for sarcoidosis associated
with service aboard amphibious ships was 0.83 (95% CI, 0.56-1.23). The
OR for sarcoidosis associated with service aboard destroyer tenders was
1.07 (95% (I, 0.59-1.95), and the OR associated with service aboard
submarine tenders was 1.20 (95% CI, 0.73-1.95). For comparison, the
multiple-adjusted OR associated with service aboard aircraft carriers during
this period was 1.56 (95% CI, 1.33-1.83).

Dr. Han Kang also suggested that analyses of time trends in sarcoidosis incidence
should be extended to the other services to help evaluate the question of whether an
epidemic of sarcoidosis or other lung disease had occurred in the Navy.

NHRC action taken: The Tri-service Defense Medical Database was
accessed to determine annual incidence rates for a primary hospital
diagnosis of sarcoidosis among Army, Navy, Air Force, and Marine Corps
active-duty men serving between 1992 and 2001. The highest incidence
rates of sarcoidosis hospitalization occurred among Army servicemen
during this time period among all men. A separate analysis was carried out
for black servicemen serving during this time period. There was also a
decline in incidence rates of hospitalization for sarcoidosis incidence in all
the services in black men (please see figures below).
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Sarcoidosis (ICD-9-CM 135) first hospitalization rates, (primary
diagnosis), by service, black men, 1992-2001
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8.2 Public Policy Advisory Committee
Recommendations of the Public Policy Advisory Committee included:

a. Expand the analysis of average annual incidence rates to include 1973 and 1974, if

possible, since these early years are of great a priori interest, based on the previous
CDC 1997 and Jajosky 1998 studies.

b. Stratify the yearly sarcoidosis incidence rates among blacks and whites by age
group (i.e., 20-29, 30-39 years) and time frame (i.e., 1973-1977, 1978-1982), and
displaying the resulting data in similar fashion to that of Figure 1, in the CDC 1997
incidence study, to facilitate data comparison and strengthen current conclusions.

c. In the x-ray policy analysis, provide yearly incidence rates from 1973 to 2001,
superimposed on years of policy change.

NHRC action taken: Age-specific annual incidence rates of sarcoidosis for
U.S. Navy enlisted men stratified by race (white and black) and age group
(15-29 years and 30+ years) were calculated and plotted for the years from
1975 to 2001. The results were similar, overall, to the figure in the CDC
paper showing similar declining trends in incidence observed in both
younger and older black men (please see figure below). The use of annual
rates in this analysis provided a high resolution for detection of changes in
temporal trends that was useful in considering the potential effects that
changes in Navy radiographic TB screening policies may have had on
incidence rates of sarcoidosis. It was not possible to obtain race-stratified

population data for active-duty Navy enlisted personnel for the years 1973
and 1974.
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Annual incidence rates of sarcoidosis for U.S. Navy enlisted men, by race, age

group, and year, 1975-2001
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8.2 Public Policy Advisory Committee Additional Analyses Requested (continued):

f. Provide race distribution information on the occupational codes that were

associated with increased risk in both the incidence study and the case-control

study.

NHRC action taken: Occupational analyses using standardized incidence ratios in
the incidence study and occupation-specific ORs in the case-control study were
stratified by race. In the incidence study, age-specific sarcoidosis incidence rates for
all white or all black Navy enlisted men were applied to the occupation-specific
populations at risk stratified by race (black or white) to yield age-adjusted, race-
stratified standardized incidence ratios for 115 Navy enlisted occupations. This
stratification technique directly controls for any effects on risk that differences that
race distribution in specific occupations might contribute. In the case-control
study, separate logistic models were run for whites and blacks. This stratification
controls for any contribution of race to risk of sarcoidosis, and allows direct
evaluation of risk associated occupation and duty station assignment. The race-
specific logistic models in the case-control study found significant associations
between period of entry into service, age, occupational group (rating), aircraft

carrier history, and home of record on sarcoidosis risk in both white and black Navy
enlisted men.
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8.3 Joint Pathology Working Group

It was important to note that these results can document exposures to a mixture of agents
that support the hypotheses of this study, but the analytical results cannot prove causation
in a single case. Determination of causation must rely on standard epidemiological criteria.
Criteria such as correctness of temporal association and biological plausibility are met by
these results. (Item “G”)

NHRC action taken: An estimation of latency period was undertaken to help
address the criterion of temporal association referred to in this comment. Because
exposure is difficult to define in terms of ship assignment or occupational group,
and in order to make use of all cases, the approach to address the question of
latency was to take the difference between date of entry into service and diagnosis
date and calculate the median duration and interquartile range. This approach had
the advantage of being conservative in the sense that it made no assumptions about
ship-based exposure or occupational exposure. It had the statistical advantage of
maximizing power by use of all the information that the cases could provide, since
it did not exclude any cases based on what might be erroneous assumptions that
exposure may have been limited to just 1 type of ship assignment or a particular
occupational group. It is further based on the assumptions that no exposures
occurred before initiation of Navy service and that no cases had sarcoidosis at
service entry. This analysis of the time period between starting naval service and
the first diagnosis of sarcoidosis among black and white Navy men found a median
estimated latency of 5.6 years. The mean estimated latency was 7.7 with a standard
deviation, 6.0 years (see table below).

Duration between initiation of naval service and first diagnosis of sarcoidosis (ICD-
9-CM Codel35) among black and white Navy men, 1965-2001.

75™ percentile 11.4 Years
Median (50™ percentile) 5.6 Years
25" percentile 3.0 Years
Interquartile range 8.4 Years
Shortest 11.0 Days

Longest 30.2 Years
Mean 7.7 Years
SD 6.0 Years

Based on 1,143 cases diagnosed during 1965-2001
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9.0 STATEMENTS FROM ADVISORY COMMITTEES
Statements from the Advisory Committees are provided below.
9.1 Scientific Advisory Committee

The report of the Scientific Advisory Committee was as follows:

Overview. The purpose of the study was to try to determine if there was an excess
risk of sarcoidosis among Navy servicemen exposed to dust from nonskid paint aboard
Navy vessels. A two-pronged approach was taken to address this question. First, an
epidemiological survey was undertaken that covered more than 10 million person-years of
service and approximately 150 different occupational categories. Second, an effort was
made to retrieve all available pathology from Navy personnel with a diagnosis of
sarcoidosis and to analyze these specimens in 2 laboratories using state-of-the-art
techniques for detecting foreign particulates in tissue samples.

Results: Epidemiology. The epidemiological survey showed a statistically increased
risk for sarcoidosis among Navy personnel who were employed in 2 occupational
categories with a high likelihood of exposure to dust from nonskid paint: Ships Servicemen
and Aviation Structural Mechanics specializing in structures. No other categories showed a
significantly increased risk for sarcoidosis. This observation was confirmed in a case-
control study.

Results: Pathology. Among the approximately 1,200 Navy servicemen with a
diagnosis of sarcoidosis while on active duty, tissue was retrieved for a disappointingly
small number of cases. There were 25 individuals with a career history narrative. Of these
25 individuals, 18 had a hospital discharge diagnosis of sarcoidosis. The remaining 7 did
not. For those who had a diagnosis, the ICD-9-CM diagnoses were: 465 Acute upper
respiratory infections of multiple or unspecified site; 486 Pneumonia, organism
unspecified; and 518.3 Pulmonary eosinophilia. 4 of the 7 were never hospitalized while in
the Navy.

Pathological materials from 11 people were analyzed both by AFIP and by Dr. Abraham’s
lab at SUNY. When particles were found, and analyzed, they were, for the most part,
silica, aluminum silicates, and various metals. Some unusual particles were found among
the materials, including uranium and iridium. 7 additional cases of sarcoidosis in the high-
risk groups had previously been analyzed in Dr. Abraham’s laboratory and reported in
abstract form. Biopsies showing granulomatous inflammation in lung or lymph nodes
consistent with sarcoidosis were available in 21 pathological materials, including 3 with
high-risk occupations (2 of which are from Dr. Abraham’s prior study) and 18 with other
occupations.

Critique. The epidemiological studies suggest a couple of likely explanations that

cannot be distinguished by present information. One is that there are a number of cases of
pneumoconiosis resulting from exposure to nonskid paint that have been misdiagnosed as
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sarcoidosis. Another is that there is a subset of the population with a heightened
susceptibility to sarcoidosis that is activated by exposure to some component of nonskid
paint. A third possibility is that the findings are a matter of chance. The latter seems to have
been unlikely since the increased risk was only identified in groups with the exposures
suspected of causing disease.

The pathological findings at the SUNY laboratory showed a modest, statistically
nonsignificant increase in particulate content among people who had a history of
assignment to an aircraft carrier (OR =1.33, p =1.00). AFIP did find this (OR =0.2,p =
31).

The SUNY laboratory found a modest, not statistically significant increase in
birefringent particles (OR = 7.5, p =0.24). The findings, for birefringent particles, were
exactly the opposite for AFIP (OR =0.09, p = 0.12).

The SUNY laboratory also found an increase in silica-like particles in people who
had a history of service aboard an aircraft carrier (OR = 6.43, p =0.36). AFIP found
exactly the opposite association (OR = 0.44, p = 1.00).

The types of particulates identified were for the most part the types found in
individuals from the general population, with the exception of a few unusual particles as
noted above. The levels of talc and aluminum silicates identified were less than that
typically associated with pneumoconiosis, and none of the cases had silicotic nodules.
Some cases appeared to have infectious diseases (mycobacterial or fungal). The metals that
were present in increased levels were Fe, Ti, Al, and Cr. The metals that are characteristic
of non-skid paint are Al, Zr, Ti, W, and Co. The particulates identified may not be the
cause but rather a marker for some other agent that is the cause of the granulomas.

Recommendations. The objectives of the study have been met. Epidemiological
studies show a nonsignificant trend in the SUNY data toward increased particles in tissue
from personnel who had a history of assignment aboard an aircraft carrier. However, the
findings were diametrically opposed in the AFIP data. This was not a direct comparison
because only 11 of the 18 specimens from active-duty Navy personnel who had a hospital
discharge diagnosis of sarcoidosis were examined in common by the 2 laboratories. It is
possible that SUNY may have analyzed a biased subset of the pathological materials.

Despite the major inconsistency of the findings of particles between the 2
laboratories, further investigation of historical exposures might be useful. Components of
nonskid paint have been identified in some tissue samples that were analyzed by SEM-
EDXA. In order to further understand the observations = , the following additional studies
are suggested:

1. Perform SEM-EDXA analysis of the granulomas themselves for concentration
and types of particulates, comparing the results for individuals with high
likelihood of exposure to nonskid paint with those with a lower risk of
exposure.

2. Attempt to obtain additional samples of tissue from Navy personnel with a
tissue diagnosis of sarcoidosis from private hospitals (coordinated with the
Public Policy Advisory Board).
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3. Obtain detailed exposure histories on cases with documented non-necrotizing
granulomatous inflammation in lung and lymph nodes for which particle
analyses have been performed (detailed occupational histories have been
obtained for individuals with a career history available.)

4)

Evaluate Navy personnel with sarcoidosis in high exposure categories by
external review board for accuracy of diagnosis and the presence of
disability.

9.2 Public Policy Advisory Committee

The report of the Public Policy Advisory Committee is as follows:

1.

2.

The following are positive outcomes of the epidemiological studies:

a. The 27-year historical prospective incidence study has shown that over the

C.

1975-2001 period, the average annual incidence rates for a hospital
diagnosis of sarcoidosis declined substantially among black Navy enlisted
men, while incidence rates for white Navy enlisted men were relatively
stable, confirming the findings of the CDC 1997 incidence study for the
time period 1971-1993.

The incidence study also demonstrated significantly increased risk for a
hospital diagnosis of sarcoidosis among black Ships Servicemen (SIR 2.3%),
black Aviation Structural Mechanics (SIR 2.1*), and white Mess
Management Specialists (SIR 2.0%*). (Asterisks denote statistically
significant ORs.)

The nested case-control study has demonstrated highly statistically
significant (p < 0.001) increased risk for a diagnosis of sarcoidosis among
ships servicemen (OR= 2.3*) and aviation ratings as a group (OR=1.8%),
after controlling for age, race, date of Navy entrance, home of record, and
history of service aboard an aircraft carrier.

In order to gain more information from the data reported herein, we recommend
the following:

a.

Expanding the analysis of average annual incidence rates to include 1973
and 1974, if possible, since these early years are of great a priori interest,
based on the previous CDC 1997 and Jajosky 1998 studies (Done.)

Stratifying the yearly sarcoidosis incidence rates among blacks and whites

by age group (i.e., 20-29, 30-39) and time frame (1973-1977, 1978-1982),
and displaying the resulting data in similar fashion to that of Figure 1, in the
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CDC 1997 incidence study, to facilitate data comparison, and strengthen
current conclusions. (Done.)

c. Inthe Navy mass radiological screening policy analysis, providing yearly
incidence rates from 1973 to 2001, superimposed on years of policy change.
(Done.)

d. Attempting to secure additional histopathological specimens from Navy
sarcoidosis cases, as well as age- and era-matched Navy controls. (Done.)

e. Considering the incorporation of 6 Navy cases, referred by Reverend
Cochran and evaluated by Drs. Abraham and Panitz (2001), in the current
pathology study, followed by an independent quantitative SEM-EDXA
particle analysis at AFIP and SUNY. (This was not possible within the study
design since these specimens could not be blinded on a practical basis.)

f. Providing race distribution information on the occupational codes that were
associated with increased risk in both the incidence study and the case-
control study (Done).

Based on the results above, the Public Policy Advisory Committee recommends
that:

a. U.S. government officials should:
i. Notify the individuals whose tissues were evaluated in this study of
the findings from their pathology reviews and particle analyses,
ii. Apprise them of the findings from the incidence and case-control
studies.

b. U.S. government officials should notify all government personnel who have
worked aboard U.S. military ships and acquired a diagnosis of
“sarcoidosis” that U.S. government medical personnel will conduct free
medical evaluations to better clarify their lung disease if:

i. They know or suspect they were exposed to dusts, such as those
generated by deck-grinding, while aboard ship,
ii. They have not fully recovered from their lung disease.

c. U.S. government officials should notify all government personnel who have
worked aboard U.S. military ships, that U.S. government medical personnel
will conduct free medical evaluations to detect dust-induced lung disease, if:

i. They know or suspect they were exposed to dusts, such as those
generated by deck-grinding, while aboard ship,

ii. They have acquired chronic respiratory symptoms without known
cause.
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d. As part of such medical evaluations, any prior lung and/or lymph node
biopsies should be recovered for histologic and SEM-EDXA evaluation by
AFIP and SUNY.

e. These medical evaluations should entail history-taking by a qualified
occupational or lung disease specialist; chest x-rays interpreted by a
qualified B-reader; tissue biopsy (when indicated) read by a qualified
pathologist; and SEM-EDXA analysis (when indicated) by a qualified
specialist at AFIP or SUNY.

f. These health communications and outreach efforts are standard public health
approaches that are essential in:
i. Utilizing knowledge gained from this occupational sentinel health

event of “sarcoidosis” among dust-exposed shipboard servicemen,

ii. Optimizing the health care of coworkers with similar exposures who
may have developed similar dust-induced lung disease,

iii. Identifying the exact etiology of this dust-induced lung disease, both
for individuals and for groups of exposed personnel,

iv. Developing an approach to primary prevention of dust-induced lung
disease in the U.S. military services.

g. These public health communications and outreach efforts must be
promulgated in a timely fashion, to minimize the suffering of exposed
workers and their families, and to prevent the loss of vital medical evidence
concerning this preventable work-related disease.

h. We recommend follow-up and future directions, including:

i. The development and maintenance of a registry of affected Navy
personnel through notification to the NHRC database of sarcoidosis
among active duty personnel (1,162) and the VA
sarcoidosis/pneumoconiosis database (about 1,000 Navy personnel).

ii. Solicitation of funding by private and academic institutions for the
purpose of seeking out affected individuals through community
efforts.

Congressional mandate of appropriate funding, in order to accomplish the above
recommendations.
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Abstract

The Navy Bureau of Medicine and Surgery requested establishment of an occupational
lung disease assessment program to examine the extent to which lung diseases, especially
sarcoidosis, may have been misdiagnosed among Navy personnel, and to evaluate the
relationship between sarcoidosis and other lung disease to occupation and service aboard Navy
ships. Formulations of nonskid coatings that have been used on Navy ship decks consist of
materials that may be aerosolized during removal. Particulate matter containing aluminum,
titanium, silica, silicates, iron, barium sulfate, and fibrous glass have been identified in samples
‘of nonskid material. Navy aviation boatswain’s mate, and other occupational groups assigned
aboard aircraft carriers may have had the greatest potential for exposure to aerosolized nonskid
coatings, particularly during the 1970s. This study was performed to review the epidemiology of
sarcoidosis and other chronic lung diseases diagnosed among Navy personnel and determine if
occupational associations or time trends in incidence rates of hospitalized disease are consistent
with an occupational etiology. Incidence rates based on first hospitalizations were calculated for
black and white male active-duty enlisted personnel between 1975 and 2001. Hospitalized cases
ascertained during this period included cases of sarcoidosis (n = 674), asthma (n = 3,536),
emphysema and chronic bronchitis (n = 1,103), respiratory conditions due to fumes and vapors
(n=61), and pnéumoconiosis (n=51). Average annual sarcoidosis incidence rates per 100,000
for 1975-2001 were 24.9 for black males and 3.5 for white males, with a black/white ratio equal
to 7.1. Incidence of sarcoidosis among male active-duty black enlisted personnel declined
markedly over the study period, particularly since 1989, but the black white ratio remained high
through 1999. Occupational associations were present among both white and black men. Black
ships servicemen (23 cases) and black aviation structural mechanics specializing in structures (12
cases) had slightly more than twice the expected incidence of sarcoidosis in comparison with all
black active-duty Navy male enlisted personnel. White Mess Management Specialists (15 cases)
also had twice the expected incidence of sarcoidosis in comparison with all white active-duty

Navy male enlisted personnel.
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Introduction

Sarcoidosis is a multisystem granulomatous disease of unknown etiology. Its symptoms
are highly variable and may involve any organ system, though over 90% of cases involve the
lungs (1-3). Presenting signs of lung abnormalities found on chest radiograph include thoracic
mediastinal widening, diffuse pulmonary and nodular infiltration, and bilateral hilar
lymphadenopathy. Common respiratory symptoms such as cough and shortness of breath may
accompany initial presentation (4-6). As many as one half of patients may be asymptomatic and
are often discovered incidentally as a result of routine chest radiograph (2-4). In some patients,
sarcoidosis appears for a period of 2-3 years and resolves, but 10-15% of patients may be
Achronically affected (5-7). Many cases are believed to resolve before they are recognized (4,5),
but progression to fibrotic lung disease may occur. Some permanent lung damage occurs in
approximately 20% of pulmonary cases, and the disease is fatal in 5-10% of cases where either
the granulomas or fibrosis seriously affect the function of a vital organ (7).

Although a variety of environmental, occupational, infectious, and genetic risk factors
have been suggested since the disorder was first documented in Europe 100 years ago, no single
exposure has been found that accounts for the distribution of sarcoidosis (8). Sarcoidosis occurs
in both sexes, all age groups, and all races (9-11). In the United States, sarcoidosis is found most
commonly amornig 20- to 40-year-old adults. Prevalence is 8 times higher among blacks,
approaching 40 per 100,000, with prevalence among whites estimated at about 5 per 100,000 (9-
12). Individuals of Scandinavian, German, Irish, or Puerto Rican origin also appear to be at
greater than average risk (8). Sarcoidosis was once thought to be rare in North America, but a
large number of cases were identified in the military beginning in the mid-1940s during annual
chest radiographic screening in the armed forces (4), a practice that has been greatly reduced
since the mid-1970s. The systematic medical surveillance of military personnel that, until
recently, included routine chest radiographs has led to several studies of sarcoidosis in military
populations (4, 13-15). These and other epidemiological studies have identified higher risk for
sarcoidosis in the Southeast and rural areas of the United States, but few other risk factors have
been identified (16-20). Due to the variability of symptoms and population groups in which
sarcoidosis can occur, diagnosis may be difficult and involves ruling out alternative diseases with

similar signs or symptoms (21).
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Although the identification of foreign bodies in granulomas is generally thought to
exclude a diagnosis of sarcoidosis, a recent investigation using electron probe microanalysis
found polarizable foreign bodies consisting of calcium, phosphorus, silicon, and aluminum in
granulomatous skin lesions in some patients with cutaneous sarcoidosis. The authors suggested
that the foreign body may have served as an inciting stimulus for granuloma formation in some
cases of sarcoidosis (22).

Sarcoid-like granulomas of the lung have beeﬁ reported in individuals exposed to glass
fibers or rockwool, which are composed of silicates (23). One small case-control study found an
‘odds ratio of 13.2 (95% confidence interval, 2.0 t0140.9) in indi?idﬁéls who were occupationally
or environmentally exposed to crystalline silica (cristobalite) from a plant that processed
diatomaceous earth (24). A study conducted by the National Institute for Occupational Safety
and Health suggested a possible relationship of sarcoidosis with assignment aboard aircraft
carriers, and with removal of non-skid material, in particular (15). Nonskid coatings that have
been used extensively on Navy ship decks and ramps. Particulate matter consisting of
aluminum, titanium, silica, silicates, talc, iron, barium sulfate, and fibrous glass have been
identified in two samples of nonskid material (25). Among numerous occupational groups,
Navy boatswain's mates assigned to aircraft carriers may have had the greatest exposure to
nonskid coatings. It is unknown to what degree this group is at risk for occupational lung disease
and whether this group may be more likely to have a sarcoidosis diagnosis than other
occupational groups. At the request of the U.S. Congress, the Secretary of the Navy, the
Secretary of Veterans Affairs, and the Director of the Armed Forces Institute of Pathology, were
directed to establish an occupational lung disease assessment program. The program's goal was
to determine if naval personnel with lung disease due to other causes may have been
misdiagnosed with sarcoidosis and if the incidence of sarcoidosis or other lung disease could be
attributable to service aboard Navy ships. The Naval Health Research Center, San Diego, was
designated by the Navy Bureau of Medicine and Surgery to manage the Navy Lung Disease

Assessment Pro gi'am.
Objectives

The objectives of the present epidemiological study are to examine the extent to which

lung diseases, especially sarcoidosis, may have been misdiagnosed among Navy enlisted men
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and to evaluate the relationship between sarcoidosis and service in Navy enlisted occupational
groups. The study characterizes the incidence of sarcoidosis in active-duty Navy enlisted men
according to race and Navy occupational specialty and describes incidence of sarcoidosis,
pneumoconioses, and other lung diseases over time. The study includes special emphasis on
determination of possible occupational associations and whether time trends in incidence were
consistent with trends in surveillance procedures. The study also includes analysis of time trends
in incidence of other chronic lung diseases in order to provide a context for the review of the
epidemiology of sarcoidosis and examine the potential that changes in diagnostic practices over

‘time may have had in explaining the decline in sarcoidosis incidence.

Methods

This study used an historical prospective design. Information from military service
records was extracted to determine incidence rates of hospitalized sarcoidosis among Navy
enlisted men according to age, race, navy enlisted occupational specialty, and hospitalization
date. Incident cases of sarcoidosis, pneumoconioses, and other lung diseases were identified
using the standard inpatient data record database of admissions to Department of Defense
medical treatment facilities in recent years (1989-2001) and Navy data sources from 1975 to
1988. Detailed population data were available from 1975 to 2001. Age-specific incidence rates
of first hospitalization for sarcoidosis, pneumoconioses, and other lung diseases were calculated
according to race during the time period from 1975 to 2001. Race-specific standardized
incidence ratios were used to compare age-adjusted hospitalized incidence rates in active-duty
enlisted Navy men by occupation and race. Case ascertainment among active-duty Navy
personnel included a broad range of lung disease diagnoses to accurately and completely assess
time trends in incidence and evaluate the potential for shifts in diagnostic patterns over time.
These cases were identified using the Department of Defense Executive Information Decision
System standard inpatient data record, which includes admissions to military hospitals. Standard
inpatient data record electronic records identify diagnoses in the International Classification of
Diseases, 9th edition, format.

Demographic and other personnel information from other established military data
sources was used to supplement the standard inpatient data record and validate personnel and

demographic information. The main source for validation of career and demographic information
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among active-duty military personnel in this study was the Defense Enrollment Eligibility
Reporting System (DEERS), which 1s the central source for personnel information from the
Department of Defense. This database is used to determine medical benefits eligibility,
insurance, immunizations, and patient information. Records were merged into the Career History
Archival Medical and Personnel System database created and maintained by the Naval Health
Research Center. This system creates a longitudinal record for each individual. Diagnoses that
were ascertained are listed in Table 1. The epidemiological analyses included a race-specific
time trend study of lung disease incidence and a lung disease incidence study according to

occupational designation.

Table 1. ICD-9 Lung Disease Codes Used for Case Ascertainment

Sarcoidosis  (ICD-9 Code 135)
Pneumoconioses (ICD-9 Codes 501-505)
Respiratory conditions due to fumes and vapors (ICD-9 Code 506)

Emphysema and chronic bronchitis (ICD-9 Codes 491, 492)
Asthma (ICD-9 Code 493)

Demographic and service-related information for defining cohorts was obtained from the
Defense Manpower Data Center in Monterey, CA. The Defense Manpower Data Center
maintains detailed personnel records for all active-duty members of the armed forces including
demographic information such as date of birth and race, as well as service-related information
including: length of service, changes in duty assignments, occupational specialties and home of

record. Information obtained for cases is listed in Table 2.
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Table 2. Case Information Obtained

SSN or service number

Name

Date of birth

Date of accession

Date of first hospitalization and facility

Home of record

Diagnosis

Race (white, black, other)

Gender

Duty station assignments and dates (UIC, OBAC)
Occupational history (enlisted Navy rate, PNEC)
Date of end of service

Type of discharge (LOS code)

Statistical Analysis. Incidence rates of first hospitalization for sarcoidosis, pneumoconioses, and

other lung diseases among active-duty Navy enlisted men were calculated according to race
(white, black, other). Person-years were used in analyses aggregated across years and midyear
population counts were used for time-trend analyses of annual incidence rates. Race-specific
standardized incidence ratios using person-years were used to compare age-adjusted hospitalized
incidence rates in active-duty Navy men by occupation and race (26). Age-specific sarcoidosis
incidence rates for all white or all black Navy enlisted men were applied to the occupation-
specific populations at risk stratified by race (black or white) to yield age-adjusted, race-stratified
standardized incidence ratios for 115 Navy enlisted occupations. Ninety-five percent confidence
intervals were calculated using the Poisson distribution (27). When needed, appropriate
adjustment techniques were implemented to take into account multiple comparisons, providing
both adjusted and unadjusted p values. Several of the above data sources and similar methods
have been used to carry out previous epidemiological studies among active-duty Navy service

members (28-35).
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Results

Average annual age-specific incidence rates of lung disease based on first
hospitalizations were calculated for black and white male active-duty enlisted personnel between
1975 and 2001. Population estimates based on midyear population counts were similar to
person-years estimates for both black and white Navy enlisted personnel. Hospitalized incident
cases ascertained during this period included cases of sarcoidosis (n = 674), asthma (n = 3,536),
emphysema and chronic bronchitis (n = 1,103), respiratory conditions due to fumes and vapors

(n = 61), and pneumoconioses (n = 51).

Age-specific incidence rates of sarcoidosis based on first hospitalization rates peaked
among white men at ages 35-39 years (6.9 per 100,000) (Table 3). The highest incidence rates
among black men occurred at younger ages, from 25-29 years of age (32.8 per 100,000). This
study found a substantially higher sarcoidosis incidence rate among Navy enlisted blacks than
whites, with the average annual rate per 100,000 equal to 24.9 among black men and 3.5 among
whites. The overall black/white ratio was 7.1 (p < 0.0001). Higher incidence among blacks was
most pronounced at younger ages.

In contrast to sarcoidosis, blacks had one-half the incidence rate of pneumoconiosis in
comparison to whites but this difference was not statistically significant. A diagnosis of
pneumoconiosis was rare in both races, with 47 hospitalized cases among whites and 4 cases
among blacks (Table 4). The incidence rate of asthma requiring hospitalization was higher
among blacks (48.5 per 100,000) than whites (31.2 per 100,000), with an overall black/white
ratio of 1.5 (p < 0.0001) (Table 5). Serious cases of emphysema and chronic bronchitis that
required hospitalization were twice as common among whites (12.0 per 100,000) as blacks (5.9
per 100,000; p <0.0001) (Table 6). Lung injuries due to inhalation of fumes and vapors that were
serious enough to require hospitalization were equally common among blacks as whites, with
overall incidence equal to 0.6 per 100, 000 in both (Table 7).

Annual incidence rates of sarcoidosis based on midyear population counts declined
steeply from 1975 to 2001 in both white and black Navy enlisted men, but the black/white ratio
remained high through 1997 (Table 8). Sarcoidosis incidence rates dropped by more than 50%
among blacks after 1975, when the Navy eliminated its requirement for most routine annual

chest radiographs. Incidence in blacks dropped again after 1989, the year the Navy dropped its
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requirement for chest radiography at Navy entrance and separation (Table 9). Declining trends
in sarcoidosis in comparison with pneumoconiosis rates for white and black Navy personnel are
shown in Tables 10 and 11. Pneumoconiosis rates were too low throughout the study period to
account for the decline in sarcoidosis rates in either race. A diagnosis of pneumoconiosis was
particularly rare in blacks, with only 4 cases diagnosed throughout the study period. Asthma was
much more common in whites and blacks during the study period, but asthma incidence did not
appear increase sufficiently among blacks during the study period to account for a
contemporaneous decline in sarcoidosis incidence among blacks (Table 12). Likewise the trend
‘in incidence rates of emphysema and chronic bronchitis and the low number of cases among
blacks also were not sufficient to explain the marked decline in sarcoidosis incidence among
blacks during the study period (Table 13).

Occupational associations were present among both white (Table 14) and black personnel
(Table 15). Black ships servicemen (23 cases) and black aviation structural mechanics
specializing in structures (12 cases) had slightly more than twice the expected incidence of
sarcoidosis in comparison with all black active-duty Navy male enlisted personnel. White Mess
Management Specialists (15 cases) also had twice the expected incidence of sarcoidosis in
comparison with all white active-duty Navy male enlisted personnel.

Discussion

Although its cause is unknown, the epidemiology of sarcoidosis suggests that infectious
agents or environmental factors could be important in its etiology (4,5,7-11,16). Like respiratory
infections, seasonal occurrence of sarcoidosis symptoms has been reported with presentation
more common during the winter and early spring (18,20). Cases have been reported to cluster in
specific geographic regions and the disease is found more often in individuals living in rural
locations (17,19, 36, 37).

Population-based epidemiological studies of sarcoidosis are complicated, however, by the
suspected high pfevalence of undetected cases and the wide variety of other lung disorders with
similar clinical presentations but distinct etiologies. Beryllium disease was recognized as the
cause of a cluster of sarcoidosis-like pulmonary disease initially diagnosed among young women
employed in a fluorescent light factory in Salem, MA, in the 1940s (38). More recent studies

described sarcoidosis-like pulmonary disease associated with exposure to silica compounds
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(23,24), photocopier toner dust (39), titaniumn dioxide (40,41), aluminum dusts (42,43), and
zirconium (44).

This study and previous investigations found a substantially higher sarcoidosis incidence
rate, based on first hospitalization rates, for Navy enlisted blacks than for whites and a clear
decline in hospitalized incidence rates for blacks over time. The average annual sarcoidosis
incidence rates per 100,000 for 1975 to 2000 was 21.9 for black males and 3.5 for white males,
with a black/white ratio equal to 7.2 (Table 3). These were lower-than-average annual incidence
rates per 100,000 reported for black (29.8) and white men (9.6) in Detroit, MI, during 1990 to
1994 (12). In general, the lack of reliable population-based rates among U.S. civilians makes
these comparisons problematic. Higher prevalence of sarcoidosis among blacks remains
unexplained but a disproportionate exposure to environmental or infectious agents or a genetic
predisposition has been suggested (45).

In a previous Naval Health Research Center report of sarcoidosis hospitalization among
U.S. Navy and Marine Corps personnel during 1981 to 1995, race, age, and enlisted status were
significantly associated with a higher risk for sarcoidosis (46). Blacks had 7.5 times the risk of
hospitalization for sarcoidosis as whites, and age was positively associated with sarcoidosis risk.
Enlisted personnel had approximately twice the risk of hospitalization for sarcoidosis as officers.
The highest rates of sarcoidosis admissions occurred between 1981 and 1987 (8.3 per 100,000).
Rates appeared to drop dramatically beginning in 1990 and declined to 2.5 per 100,000 in 1995.

This study provides a further basis to investigate the reasons for the temporal decline in
rates in the Navy. Although the decline in sarcoido sis incidence in the N avy may reflect
unrecognized trends in the general U.S. population, other potential explanations include
unknown secular changes in population characteristics that may be associated with risk. Subtle
changes in diagnostic criteria over time may have led to an apparent decline in sarcoidosis
incidence observed in this study, if diseases formerly classified as sarcoidosis have been
diagnosed as another lung disease. Pulmonary sarcoidosis symptoms may mimic symptoms of
reactive airway disease (47). It 1s possible that some of the apparent decline in hospitalized
sarcoidosis incidence in the Navy could be reflected in the increased incidence of asthma or
other lung diseases with signs or symptoms similar to sarcoidosis over this time period (48). The
lack of a contemporaneous increase in incidence of pneumoconioses, asthma, or emphysema and

chronic bronchitis is evidence against this explanation.
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Notably, the decline in sarcoidosis incidence parallels a decline in the intensity of
surveillance practices in the Navy, specifically the frequency of routine chest radiography (Table
9). Clearly changes in diagnostic and medical screening procedures, particularly a reduction in
the frequency of routine chest radiographs for enlisted personnel, could explain some of the
secular decline in sarcoidosis incidence.

The decline in sarcoidosis incidence also may reflect changes in correlates of etiologic
work-related exposures. These include changes in formulations of nonskid materials and use of
respirators and other measures designed to counter dust exposure. This study found occupational
- associations preserit among both white and black Navy enlisted persdnnel. In particular, black
ships servicemen (23 cases) had 2.3 times the expected incidence of sarcoidosis in comparison
with all black Navy enlisted personnel and black aviation structural mechanics specializing in
structures (12 cases) had approximately twice the expected incidence (Table 15). Aviation
structural mechanics are routinely assigned to work aboard aircraft carriers and could be
expected to have had some degree of occupational exposure to nonskid material resulting from
removal operations.

Occupational assignment is a rough surrogate for any specific exposures that
might be causally related to sarcoidosis or other lung diseases. However, the association of
sarcoidosis with assignment to an aviation rating involving duty aboard aircraft carriers found in
this and in a previous study (15) suggests two possibilities. The first explanation is that the
diagnosis of a dust-related fibrotic lung disease was erroneously classified as sarcoidosis. This
possibility is particularly apparent in blacks for whom a high index of diagnostic suspicion may
have led to a differential tendency to classify a pneumoconiosis as sarcoidosis. The other
explanation is that a previously unrecognized occupational association exists for sarcoidosis that
is associated with service in an aviation rating. This possibility is worthy of further investigation,
but would require better characterization of potential occupational exposures and environmental

factors common to service in this occupation.
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Table 8. Annual incidence (first hospitilization) rates for sarcoidosis (ICD-9 Code 135),
among white and black Navy enlisted men by year, 1975-2001

White Black Black /
No. of Midyear Incidence  No. of Midyear Incidence White
Year Cases Population Rate Cases Population Rate Ratio
1975 15 359,920 4.2 25 35,517 70.4 16.9
1976 22 377,109 5.8 15 34,574 43.4 7.4
1977 16 373,134 4.3 11 36,891 29.8 7.0
1978 17 370,433 4.6 20 39,730 50.3 11.0
1979 17 362,629 47 14 43,119 32.5 6.9
1980 16 354,504 4.5 16 47,585 33.6 74
1981 -1l 357,210 3.1 14 50,792 27.6 9.0
1982 11 354,110 3.1 17 52,295 325 10.5
1983 9 363,162 25 18 55,815 322 13.0
1984 18 371,315 4.8 16 58,034 27.6 57
1985 9 370,434 2.4 16 59,019 27.1 11.2
1986 8 369,805 2.2 15 61,140 24.5 11.3
1987 15 353,306 4.2 26 66,476 39.1 9.2
1988 12 368,174 33 21 68,559 30.6 94
1989 21 369,186 5.7 17 73,749 23.1 4.1
1990 7 229,901 3.0 21 76,988 273 9.0
1991 13 359,003 3.6 18 78,694 22.9 6.3
1992 16 337,498 4.7 12 75,275 15.9 34
1993 12 314,165 3.8 7 70,421 9.9 2.6
1994 4 288,115 14 17 65,140 26.1 18.8
1995 6 261,161 2.3 7 60,927 11.5 5.0
1996 4 245,185 1.6 11 59,377 18.5 114
1997 3 225,214 1.3 8 56,775 14.1 10.6
1998 5 211,083 2.4 6 54,978 10.9 4.6
1999 4 199,200 2.0 5 53,895 9.3 4.6
2000 1 195,143 0.5 1 54,150 1.8 3.6
2001 4 191,970 2.1 4 55,216 7.2 3.5
1975-2001 296 8,532,069 3.5 378 1,545,131 24.5 7.1
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Table 12. Asthma (ICD-9 Code 493) incidence (first hospitalization) rates per 100,000
person-years, by race and year, active-duty Navy enlisted white and black men, 1975-2001

White Black Black /

No. of Midyear Incidence  No. of Midyear Incidence ~ White

Year Cases Population Rate Cases Population Rate Ratio
1975 140 359,920 38.9 21 35,517 59.1 1.5
1976 121 377,109 32.1 28 34,574 81.0 2.5
1977 111 373,134 29.7 23 36,891 62.3 2.1
1978 100 370,433 27.0 22 39,730 55.4 2.1
1979 102 362,629 28.1 15 43,119 34.8 1.2
£ 1980 111 354,504 313 30 47,585 63.0 2.0
1981 112 357,210 314 20 50,792 39.4 1.3
1982 131 354,110 37.0 28 52,295 53.5 1.4
1983 103 363,162 28.4 27 55,815 48.4 1.7
1984 116 371,315 31.2 26 58,034 44.8 1.4
1985 114 370,434 30.8 32 59,019 54.2 1.8
1986 99 369,805 26.8 31 61,140 50.7 1.9
1987 110 353,306 31.1 24 66,476 36.1 1.2
1988 99 368,174 26.9 26 68,559 379 1.4
1989 123 369,186 333 37 73,749 50.2 1.5
1990 116 229,901 50.5 33 76,988 42.9 0.8
1991 139 359,003 38.7 32 78,694 40.7 1.1
1992 108 337,498 32.0 28 75,275 372 1.2
1993 138 314,165 43.9 27 70,421 383 0.9
1994 113 288,115 39.2 46 65,140 70.6 1.8
1995 94 261,161 36.0 42 60,927 68.9 1.9
1996 118 245,185 48.1 38 59,377 64.0 1.3
1997 68 225214 30.2 30 56,775 52.8 1.8
1998 53 211,083 25.1 19 54,978 34.6 1.4
1999 70 199,200 35.1 19 53,895 353 1.0
2000 54 195,143 27.7 16 54,150 29.5 1.1
2001 37 191,970 19.3 16 55,216 29.0 1.5
1975-2001 2,800 8,532,069 32.8 736 1,545,131 47.6 1.5
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Table 13. Annual Incidence (first hospitilization) rates for Emphysema and Chronic Bronchitis
(ICD-9 Codes 491, 492), among white and black Navy enlisted men, by year, 1975 - 2001

White Black Black /

No. of Midyear Incidence  No. of Midyear Incidence White

Year Cases Population Rate Cases Population Rate Ratio
1975 62 359,920 17.2 5 35,517 14.1 0.8
1976 66 377,109 17.5 4 34,574 11.6 0.7
1977 41 373,134 11.0 1 36,891 2.7 0.2
1978 37 370,433 10.0 4 39,730 10.1 1.0
1979 32 362,629 8.8 2 43,119 4.6 0.5
1980 50 354,504 14.1 2 47,585 4.2 0.3
1981 39 357,210 10.9 1 50,792 2.0 0.2
1982 58 354,110 16.4 4 52,295 7.6 0.5
1983 42 363,162 11.6 2 55,815 3.6 0.3
1984 44 371,315 11.8 0 58,034 0.0 0.0
1985 32 370,434 8.6 3 59,019 5.1 0.6
1986 49 369,805 13.3 4 61,140 6.5 0.5
1987 46 353,306 13.0 3 66,476 4.5 0.3
1988 43 368,174 11.7 6 68,559 8.8 0.7
1989 45 369,186 12.2 6 73,749 8.1 0.7
1990 51 229,901 222 3 76,988 39 0.2
1991 37 359,003 10.3 4 78,694 5.1 0.5
1992 37 337,498 11.0 6 75,275 8.0 0.7
1993 42 314,165 134 4 70,421 5.7 04
1994 30 288,115 104 2 65,140 3.1 0.3
1995 36 261,161 13.8 6 60,927 9.8 0.7
1996 28 245,185 114 5 59,377 8.4 0.7
1997 14 225,214 6.2 4 56,775 7.0 1.1
1998 15 211,083 7.1 3 54,978 5.5 0.8
1999 13 199,200 6.5 3 53,895 5.6 0.9
2000 13 195,143 6.7 3 54,150 55 0.8
2001 10 191,970 5.2 0 55,216 0.0 0.0
1975-2001 1012 8,532,069 11.9 90 1,545,131 5.8 0.5
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List of Acronyms

Acronyms

Defmition

AFIP
CHAMPS
CI

cv
CVA
CVAN
CVN
CVS
DEERS
DMDC
EI/DS
ICD-9
OBAC
OR
PAMI
PNEC
SIDR
SIR
SSN

UIC

Armed Forces Institute of Pathology

Career History Archival Medical and Personnel System
Confidence Interval

Aircraft carrier, multi-purpose

Airéraft carrier, attack

Aircraft carrier, attack, nuclear propulsion

Aircraft carrier, nuclear propulsion, multi-purpose
Aircraft carrier, anti-submarine warfare

Defense Enrollment Eligibility Reporting System
Defense Manpower Data Ce.znter

I%xecutive Information/Data System

International Classification of Diseases, Ninth Revision
On Board Activity Code (for shipboard duty stations)
Odds Ratio

Personnel Accounting Machine Identification (code for duty stations)
Primary Naval Enlistment Classification

Standard Inpatient Data Record

Standardized Incidence Ratio

Social Security Number

Unit Identification Code

(S
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Abstract

The Navy Bureau of Medicine and Surgery requested establishment of an occupational
lung disease assessment program to examine the extent to which lung diseases, especially
sarcoidosis, may have been misdiagnosed among Navy personnel, and to evaluate the
relationship between sarcoidosis with occupation and service aboard Navy ships. This case-
control study identified N= 1,162 Navy enlisted men with a hospital discharge diagnosis of
sarcoidosis while serving on active-duty during 1965 to 2001. A control population consisting of

a2 % random sarnplé (N =109,037) of Navy enlisted men serving on active duty during this
time-period was also identified. Risk of sarcoidosis hospitalization according to duty station
assignment and occupation was examined using a logistic regression model that controlled for
age, race, date of entry to naval service, history of assignment aboard an aircraft carrier, home of
record, and other characteristics. Time trends in sarcoidosis risk were examined by stratification
according to accession periods in cases and controls. Time-dependence of risk was also
analyzed using indicator variables correspending to period of entry to naval service in the
logistic regression model. Statistically significant univariate differences between cases and
controls were apparent for a variety of service-related and demographic characteristics including:
age, length of sérvice, race, pay grade, history of service aboard an aircraft carrier, most recent
occupation, and home of record. The association with history of service aboard an aircraft

carrier persisted after multiple adjustment.
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Introduction

Although the etiology of sarcoidosis remains to be discovered, some previous studies
have suggested the possibility of an occupational component in sarcoidosis risk (1-7).
Sarcoidosis is a granulomatous disease with highly variable symptoms that may involve any
organ system (8,9), although lung involvement is present in over 90% of cases (10). Presenting
signs of lung abnormalities found on chest radiograph include thoracic mediastinal widening,
diffuse pulmonary and nodular infiltration, and bilateral hilar lymphadenopathy (9,10). Common
respiratory symptoms such as cough and shortness of breath may accompany initial presentation
(11-13). As many as one half of patients may be asymptomatic and historically have often been
discovered incidentally as a result of a routine chest radiograph (10-12). In some patients,
sarcoidosis appears for a period of 2 to 3 years and resolves, but 10% to 15% of patients may be
chronically affected (12-14). Many cases are believed to resolve before they are recognized
(11,12), but progression to fibrotic lung disease may occur. Some permanent lung damage occurs
in approximately 20% of pulmonary cases, and the disease is fatal in 5% to 10% of cases where
either the granulomas or fibrosis seriously affect the function of a vital organ (14).

The epidemiology of sarcoidosis was reviewed in a Statement on Sarcoidosis by the
American Thoracic Society (15). Although a variety of environmental, occupational, infectious,
and genetic risk factors have been suggested since the disorder was first documented in Europe
100 years ago, no single exposure has been found that accounts for the distribution of sarcoidosis
(15,16). Sarcoidosis occurs in both sexes, all age groups, and all races (17-21). In the United
States, sarcoidosis is diagnosed most commonly among 20- to 40-year-old adults, with a peak at
ages 20-29 years (15). Prevalence is higher among blacks than whites, approaching 40 per
100,000 in blacks compared with 5 per 100,000 in whites (15,19). The incidence rate of
sarcoidosis in whites in a population-based study in Rochester, Minnesota, was 6 per 100,000
person-years, with little sex difference (19). Individuals of Puerto Rican, Scandinavian, German,
or Irish origin are reported to be at greater than average risk (16). Sarcoidosis was once thought
to be rare in North America, but a large number of cases were identified in the military beginning
in the mid-1940s during annual chest radiographic screening in the armed forces (22), a practice
that has been greatly reduced since the mid-1970s. The systematic medical surveillance of

military personnel that, until recently, included routine chest radiographs has led to several
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studies of sarcoidosis in military populations (7,22-24). These and other epidemiological studies
have identified higher risk for sarcoidosis in residents of the Southeast and rural areas of the
United States, but few other risk factors have been identified (25-29). Due to the variability of
symptoms and population groups in which sarcoidosis can occur, diagnosis may be difficult and
involves ruling out alternative diseases with similar signs or symptoms (15).

Metal particles have been identified in pulmonary (30-32) or cutaneous (33,34)
granulomatous diseases, including particles of titanium (30), aluminum (31,32), an aluminum-
zirconium complex (33), and various foreign bodies (34). Although the identification of foreign
_bodies in‘granulorr'las- was historically thought to exclude a diagnosis of sarcoidosis, recent
investigation using electron probe microanalysis found polarizable foreign bodies consisting of
calcium, phosphorus, silicon, or aluminum in granulomatous skin lesions in some patients with
cutaneous sarcoidosis (34). The authors suggested that the foreign body may have served as an
inciting stimulus for granuloma formation in some cases of sarcoidosis (35).

Silica-induced granulomas of the lung have been reported in individuals exposed to glass
fibers or rock wool that are composed of silicates (36). One small case-control study found an
odds ratio of 13.2 (95% CI, 2.0 to 140.9) in individuals who were occupationally or
environmentally exposed to crystalline silica (cristobalite) from a plant that processed
diatomaceous éarth (36). A study conducted by the National Institute for Occupational Safety
and Health suggested a possible relationship of sarcoidosis with assignment aboard aircraft
carriers and with removal of non-skid material (5). Non-skid coatings have been used
extensively on Navy ship decks and ramps. Particulate matter consisting of silica, silicates,
fibrous glass, talc, iron, barium sulfate, aluminum, and titanium have been identified in two
samples of nonskid material (37). Among numerous occupational groups, Navy boatswain’s
mates assigned to aircraft carriers may have had the greatest opportunities for exposure to
nonskid coatings. It is unknown to what degree this group is at risk for occupational lung disease
and whether members of this group may be more likely to have a sarcoidosis diagnosis than
other occupational groups. At the request of the U.S. Congress, the Secretary of the Navy, the
Secretary of Veterans Affairs, and the Director of the Armed Forces Institute of Pathology, were
directed to establish a Navy occupational lung disease assessment program. The program's goal
was to determine if naval personnel with lung disease due to other causes may have been

misdiagnosed with sarcoidosis, and if the incidence of sarcoidosis or other lung diseases could be
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attributable to service aboard Navy ships. The Naval Health Research Center, San Diego, was
designated by the Navy Bureau of Medicine and Surgery to manage the Navy Lung Disease

Assessment Program.

Objectives

The objectives of this case-control study are to examine risk of sarcoidosis hospitalization

according to a combination of history of duty-station assignment aboard an aircraft carrier and

. assignmeht to specifié Navy enlisted occupations previously identified as being of interest. The
analysis was designed to control for age, race, year of entry into naval service, history of
assignment aboard an aircraft carrier, and home of record. This study also had the objective of
examining time-trends in risk of a diagnosis of sarcoidosis in active-duty Navy enlisted men
according to Navy occupational specialty and duty station assignment and to assess any time-
dependent features in risk.

Because sarcoidosis is a disease of.unknown cause, some indication of the extent to
which pneumoconioses, and other lung diseases related to dust exposure may have been
misdiagnosed among Navy enlisted men as sarcoidosis could be inferred by discovery of an
historical assoc\iation between sarcoidosis risk and duty station assignment or service in
particular Navy enlisted occupational groups with likely exposures to metallic, silicaceous, or

other inorganic dust particles.
Methods

This study used a case-control design. Cases were identified among Navy enlisted men
serving on active duty between 1965 and 2001. Incident hospitalized cases of sarcoidosis were
identified using the Standard Inpatient Data Record database of admissions to Department of
Defense medical treatment facilities in recent years (1989-2001) and other Navy data sources
from 1965 to 1988. Records of men with a hospital discharge diagnosis of sarcoidosis in any
position in the hospital discharge summary (positions 1 to 8) were identified. The standard
inpatient data records identify diagnoses in the International Classification of Diseases, 9th

edition, Clinical Modification (ICD-9-CM) format (38). Earlier Navy inpatient data records
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captured discharge diagnoses for sarcoidosis using Department of Defense Disease Identification
Codes from 1965 to 1969, ICDA-8 codes from 1978 to 1979, ICD-9 codes from 1980 to 1984,
and ICD-9-CM codes from 1985 to 1988.

Demographic and other personnel information from other established military data
sources were used to supplement Standard Inpatient Data Record and validate personnel and
demographic information. The main source for validation of career and demographic information
among active-duty military personnel in this study was the Defense Enrollment Eligibility
Reporting System, which is the central source for personnel information for the Department of
Defense. This database is used to determine medical benefits eligibilify, insurance,
immunizations, and patient demographic information. Records were merged into the Career
History Archival Medical and Personnel System database created and maintained by the Naval
Health Research Center. Occupations were identified using Navy enlisted Manpower and
Personnel Classification codes.

A control population consisting of a 2% random sample (N = 109,037) of active-duty
Navy enlisted men serving during this time-period was also identified. Controls were selected
for each of the 37 years of the study period using a 2% probability selection procedure based on
a random selection process using the last two digits of the social security number.

Fixed-le;ngth file records for cases and controls were constructed in identical formats
using extracts from the Career History Archival Medical and Personnel System (CHAMPS)(39).
The record allowed coding of up to 30 duty station assignments throughout an individual's career
history based on Unit Identification Code and Onboard Activity Code changes. The file also
identified the enlisted occupational code (rate) at the time of each duty station change. Among
the controls, the median number of duty station assignments was 6. Age of the cases was
calculated using the difference between the first hospitalization date for sarcoidosis and the birth
date. Age of the controls was calculated using the difference between date of the sixth duty
station assignment and the birth date. If no sixth duty station was assigned, the date of the fifth
duty station assignment was used as a basis for the age calculation. This process was repeated
until age could be calculated for all controls including those with even a single duty station
assignment. Important demographic and service-related variables of interest for obtained for

cases and controls are summarized in Table 1.
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Table 1. Demographic and Service-Related Information Obtained

Social Security Number or service identification number
Name
Date of birth
Race (white, black, other)
Gender o
Home of record
Date of accession to naval service
Duty station assignments and dates (Unit Identification Code, Onboard Activity Code)
Occupational history (Navy rate code)
Date of end of naval service
Type of discharge (loss code)
If a case:
Diagnosis
Date of tl1rst hospitalization with a diagnosis of sarcoidosis

Name of Medical Treatment Facility (hospital)

Odds ratios (ORs) for sarcoidosis hospitalization according to duty station assignment
and occupation were examined using a logistic regression model that controlled for age, race,
year of entry into naval service, history of assignment aboard an aircraft carrier, and home of
record. Time trends in sarcoidosis risk were examined by stratification according to period of
accession to Navy service in cases and controls. Time-dependence of risk was also analyzed by

using indicator variables corresponding to accession periods.

Results
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Results
Univariate Findings

A summary of the characteristics of the cases and controls according to demographic and
service related information is shown in Table 2. Statistically significant univariate differences
between cases and controls were apparent for a variety of service-related and demographic
characteristics including: age, length of service, race, pay grade, history of service aboard an
aircraft carrier, date of Navy entrance, age at entrance into the Navy, and regional home of
record. Sarcoidosis cases were on the average about 2 years older than controls, which was a
statistically significant difference. Approximately half the cases were black compared with 11 %
of the controls.

Length of service of 4 to 5.9 years was associated with decreased risk while service of
greater than 6 years was associated with increased risk. Nearly 45% of the cases had six or
more years of naval service compared with 27% of the controls. Sarcoidosis cases also tended to
be in higher enlisted pay grades (E6 and higher) than controls. The univariate odds ratio for
history of assignment to an aircraft carrier was about 2, suggesting that cases were about twice as
likely as controls to have been assigned to an aircraft carrier.

The annual number of sarcoidosis cases has declined in recent years. The odds ratios for
accession periods from 1987 through 2001 were less than 1.0, in comparison with odds ratios for
accession periods prior to 1982, which were greater than 1.0.

Sarcoidosis cases were more likely than the controls to have entered the Navy slightly
later in life, with more having entered at ages 20 to 24, 25 to 29, and 30 to 34 years, compared
with the controls. Cases were about 3 times as likely to live (have their home of record) in the
southeastern United States than in other regions. The odds ratios by home region were
particularly low for those whose homes were in the Pacific (odds ratio, 0.45, 95% CI, 0.35 to
0.57) or Mountain (odds ratio, 0.33, 95% CI, 0.19 to 0.53) regions.

Characteristics of white cases and controls are summarized in Table 3 and were similar to
those of all active-duty men. White cases were on average about 2 years older than their
controls. An association with length of service greater than 6 years was present in whites as was
an association with higher pay grade. White cases were about 1.6 times as likely as the controls
to have served aboard an aircraft carrier. Only about 1% of the white cases joined the Navy after

1993 compared with 8% of their race-matched controls. White cases were twice as likely to
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have their home of record in the southeastern United States than in other regions. The odds
ratio associated with home in the Pacific or Mountain region was significantly low.
Characteristics of black cases and controls are summarized in Table 4. The black cases
were on the average about one year older than the black controls, and tended to have longer
length of service than the controls, with a statistically significantly elevated odds ratio associated
with length of service of 6 or more years. Most cases were in higher pay grades than the
controls. Black cases were about twice as likely as black controls to have served aboard an
aircraft carrier, slightly higher than the odds ratio associated with carrier service history for white
“men. Only about 1% of the black cases joined the Navy in 1994 or later, compared with 15% of
their controls, which was similar to the pattern in white men. Black cases were twice as likely to
have their home of record in the southeastern U.S. than in other regions, as in white men. The

odds ratio associated with home in the Pacific region was low.

Stratified Findings

Duty Station and Occupation. Risk of sarcoidosis first hospitalization according to duty

station assignment and occupation were examined using odds ratios stratified by history of
aircraft carrier assignment and race. Odds ratios according to occupation were calculated
separately for white and black men who had a history of assignment aboard an aircraft carrier at
any time in their naval career and for those who had no known history of assignment to a carrier
(Tables 5 and 6).

In white men who ever were assigned aboard an aircraft carrier, the lower limit of the
95% confidence interval of the odds ratio exceeded 1.0 for ratings of Aircraft Maintenance
Technician (odds ratio, 54.6), Aviation Machinist’s Mate (odds ratio, 6.9), Aviation Structural
Mechanic~Structures (odds ratio, 5.0), Air Traffic Controller (odds ratio, 3.6), Aviation Support
Electronics Technician (odds ratio, 3.3), and Electrician’s Mate (odds ratio, 2.9).

In white men who never were assigned aboard an aircraft carrier, the lower limit of the
95% confidence interval of the odds ratio exceeded 1.0 for ratings of Gas Turbine System
Technician (odds ratio, 26.0), Aircraft Maintenance Technician (odds ratio, 8.4), Aviation
Structural Mechanic (odds ratio, 3.0), Hospital man (odds ratio, 3.0), Machinist’s mate (odds
ratio, 2.2), Other aviation occupations (odds ratio, 2.2), Aviation Electrician (odds ratio, 2.0), and

Mess Management Specialist (odds ratio, 1.8) (Table 5). The rating of Aircraft Maintenance
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Technician was associated with a statistically significantly elevated risk in white men with or
without a history of aircraft carrier service (odds ratios, 54.6 and 8.4, respectively).

Among black men with a history of assignment aboard an aircraft carrier (Table 6), the
lower 95% confidence limit was greater than 1.0 for ratings of Aviation Structural Mechanic
specializing in structures (odds ratio, 7.8), Ship’s Serviceman (odds ratio, 2.8), and Hospital man
(odds ratio, 2.4).

Among black enlisted personnel with no history of service aboard aircraft carriers,
statistically significantly elevated odds ratios were observed for Fire Control Technician (odds

.ratio, 12.0), Aviatidn Structural Mechanic-Unspecified (odds ratio, 7.0) Aviation Structural
Mechanic-Structures (odds ratio, 4.0), Disbursing Clerk (odds ratio, 2.9), Boiler Technician
(odds ratio, 2.4), Hospital man (odds ratio, 2.4), Other aviation occupations (odds ratio, 1.8),
Machinist’s Mate (odds ratio, 1.8), and Ship’s Serviceman (odds ratio, 3.1). Three ratings,
Aviation Structural Mechanic-Structures, Hospital man, and Ship’s Serviceman, had statistically

significantly high odds ratios in both aircraft carrier assignment groups among black men.

Multivariate Logistic Regression Findings

Based oh previous research, ratings of Airman, Seaman, Fireman, Aviation Boatswain’s
Mate, other aviation ratings, Mess Management Specialist, and Ship’s Serviceman were included
in the regression model. All remaining ratings were used as the reference group

Multiple-adjusted odds ratios for sarcoidosis adjusted by logistic regression for age, race,
date of entry to the Navy, rating, history of service aboard an aircraft carrier, and home of record
are shown in Table 7. Odds ratios were markedly lower in men 17 to 19 and 20 to 24 years of
age than in men 25 years and older. The odds ratio for black men compared with white men was
7.7. Odds ratios were substantially lower for men who entered the Navy after 1975 than those
who entered before then. The highest statistically significant odds ratios for occupations were
for Seaman (odds ratio, 2.4), followed by Mess Management Specialist, Airman, and Ship’s
Serviceman. The odds ratio for history of assignment to an aircraft carrier was 1.7 (95% CI, 1.5
to 2.0). Having a home of record in the Southeast was associated with twice the likelihood of

sarcoidosis as having a home in the Northeast.
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Multiple-adjusted odds ratios for sarcoidosis for white men are shown in Table 8. Odds
ratios were lower in those 17 to 19 and 20 to 24 years old than in those 25 years and older, as in
men of all races combined. Odds ratios were substantially lower for men who entered the Navy
after 1975 than for those who entered before then, and declined steeply during 1975 to 2001.
The only statistically significant odds ratios for occupations were for Ship’s Serviceman (odds
ratio, 2.4), Mess Management Specialist (odds ratio, 2.1) and Airman (odds ratio, 1.8). The odds
ratio for history of assignment to an aircraft carrier was 1.49. Having a home of record in the
Southeast was associated with twice the likelihood of sarcoidosis as having a home in the
* Northeast, the same as for the analysis of men of all races.

Multiple-adjusted odds ratios for sarcoidosis for black men are shown in Table 9. Odds
ratios were lower in men 17 to 19 and 20 to 24 years old than in those 25 years and older. As for
white men, odds ratios were substantially lower in men who entered the Navy after 1975 than
those who entered before 1975, and declined steeply during 1975 to 2001. There were
statistically significantly high adjusted odds ratios for the occupations of Seaman (odds ratio,
2.6) and Mess Management Specialist (odds ratio, 1.9). The odds ratio for Ship’s Serviceman
(odds ratio, 1.3) was not statistically significantly high. Having a history of assignment to an
aircraft carrier was associated with approximately twice the likelihood of sarcoidosis. Having a
home of record\in the Southeast also was associated with nearly twice the likelihood of
sarcoidosis.

Multiple-adjusted odds ratios are summarized in Table 10 according to period of entry
into naval service and race, with details on the types of screening tests for chest disease that were
required by the Navy during each period. Odds ratios for sarcoidosis declined as the

requirements for screening Navy service members for chest disease were reduced over time.

Discussion

Although its cause is unknown, the epidemiology of sarcoidosis suggests that infectious
agents or environmental factors could be important in its etiology (12,14-29). Like respiratory
infections, seasonal occurrence of sarcoidosis symptoms has been reported with presentation
more common during the winter and early spring (27). Cases have been reported to cluster in
specific geographic regions and the disease is found more often in individuals living in rural

locations (25,26,28,29,40,41).
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Population-based epidemiological studies of sarcoidosis are complicated, however, by the
suspected high prevalence of undetected cases and the wide variety of other lung disorders with
similar clinical presentations but distinct etiologies. Beryllium disease was recognized as the
cause of a cluster of sarcoidosis-like pulmonary disease imitially diagnosed among young women
employed in a fluorescent light factory in Salem, Massachusetts, in the 1940s (42). More recent
studies described pulmonary disease diagnosed as sarcoidosis or a sarcoidosis-like pulmonary
disease associated with exposure to silica compounds (35), photocopier toner dust (43), titanium
dioxide (44), aluminum dusts (31,32), and zirconium (45).

' This study and previous investigations found a substantiélly higher risk for sarcoidosis
among Navy enlisted black men than white men, with a multiple adjusted odds ratio of 7.7 (95%
CI, 6.8 to 8.8). The higher prevalence of sarcoidosis among black men remains unexplained but
a disproportionate exposure to environmental or infectious agents or a genetic predisposition has
been suggested (5,15,22).

Multiple adjusted odds ratios for both black and white men declined notably after 1975
and continued to decline steadily after 1984 and since 1994. In a previous Naval Health
Research Center report on sarcoidosis hospitalization among U.S. Navy and Marine Corps
personnel during 1981 to 1995, race, age, and enlisted status were significantly associated with a
higher risk for éarcoidosis (45). Blacks had 7.5 times the risk of hospitalization for sarcoidosis as
whites, and age was positively associated with sarcoidosis risk. Enlisted personnel had
approximately twice the risk of hospitalization for sarcoidosis as officers. The highest rates of
sarcoidosis admissions occurred between 1981 and 1987 (8.3 per 100,000). Rates appeared to
drop dramatically beginning in 1990 and declined to 2.5 per 100,000 in 1995 (46).

The present study provides a further basis to investigate the reasons for the temporal
decline in rates in the Navy. Although the decline in sarcoidosis incidence rates in the Navy may
reflect unrecognized trends in the general U.S. population, other potential explanations include
unknown secular changes in population characteristics that may be associated with risk. Subtle
changes in diagnostic criteria over time also may have led to an apparent decline in sarcoidosis
incidence observed in this study, if diseases formerly classified as sarcoidosis have been
diagnosed as another lung disease in recent years.

Pulmonary sarcoidosis symptoms may mimic symptoms of reactive airways disease (47).

Itis possible that some of the apparent decline in hospitalized sarcoidosis incidence in the Navy

14

Appendix B



could be reflected in the increased incidence of asthma or other lung diseases with signs or
symptoms similar to sarcoidosis over this time period (48, 49). However, the lack of a
contemporaneous increase in incidence of pneumoconioses, asthma, or emphysema and chronic
bronchitis in a recent cohort study is evidence against this explanation.

Notably, the decline in sarcoidosis incidence rates parallels a decline in the intensity of
surveillance practices in the Navy, specifically the frequency of routine chest radiography (Table
10). Changes in diagnostic and medical screening procedures, particularly a reduction in the
frequency of routine chest radiographs for enlisted personnel, could explain some of the secular

“decline in sarcoidoéis incidence. An analysis of time trends in incidence of other chronic lung
diseases indicates that the observed decline in sarcoidosis incidence could not be accounted for
by increased incidence of other lung diseases with symptoms that may have resembled
pulmonary sarcoidosis.

The decline in sarcoidosis incidence also might reflect changes in possibly etiologic
work-related exposures. These include changes in formulations of nonskid materials and use of
respirators and other measures designed to counteract dust exposure. A previous cohort study
identified increased incidence rates of sarcoidosis in black and white Navy enlisted men engaged
in certain Navy occupational specialties. In particular, black Ship’s Servicemen had 2.3 times
the expected incidence of sarcoidosis in comparison with all black Navy enlisted personnel and
black Aviation Structural Mechanics specializing in structures had approximately twice the
expected incidence. The present study also found occupational associations present among both
white and black Navy enlisted personnel. In particular, elevated odds ratios were detected in
certain aviation and deck ratings where exposure to non-skid materials may have occurred. Risk
was also increased in association with a history of service aboard aircraft carriers. This elevated
risk persisted after multiple adjustment and was present in both black and white Navy enlisted
men. Navy enlisted men assigned aboard aircraft carriers could be expected to have a higher
likelihood and degree of occupational exposure to nonskid material resulting from removal
operations than men assigned ashore or to other types of ships.

Duty station and occupational assignment are only rough surrogates for any specific
exposures that might be causally related to sarcoidosis or other lung diseases. However, the
association of sarcoidosis with assignment to an aviation rating involving duty aboard aircraft

carriers found in this and in a previous study (7) suggests two possibilities. The first explanation
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is that the diagnosis of a dust-related fibrotic lung disease was erroneously classified as
sarcoidosis. This possibility is particularly apparent in black men, for whom a high index of
diagnostic suspicion may have led to a differential tendency to classify a pneumoconiosis as
sarcoidosis. The other explanation is that a previously unrecognized occupational association
exists for sarcoidosis that is associated with service in an aviation rating. This possibility is
worthy of turther investigation, but would require better characterization of potential

occupational exposures and environmental factors common to service in these occupations.
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Table 2. Demographic and service characteristics of sarcoidosis cases and
controls, active-duty Navy enlisted men, 1965-2001

95% Confidence
Sarcoidosis interval
cases Controls p- Odds Lower  Upper
Age (years) No. % No. % value gatio limit  limit
17-19 43 3.7 8,662 7.9 <0.0001 0.45 0.32 0.61
20-24 467 40.2 61,284 56.2 <0.0001 0.52 048 0.57
25-29 316 27.2 19,365 17.8 <0.0001 1.73 1.54 1.94
30-34 166 143 5,793 53 <0.0001 2.97 2.54 348
35-39 118 10.2 6,532 6.0 <0.0001 1.77 1.48 2.13
40-44 43 37 5,093 47 0.12 0.78 0.56 1.07
45-64 : 9 0.8 2,297 21 <001 " -0.36 0.17 0.69
Unknown 0 0.0 11 0.0 0.73 0.00 - -
Total 1,162 100.0 109,037 100.0 <0.0001 - - -
Mean 27.1 253
Standard Deviation 6.2 6.6
Race
White 582 50.1 92984 85.3 <0.0001 0.17 0.16 0.19
Black 561 48.3 11,852 109 <0.0001 7.65 7.00 8.37
Other 19 1.6 4201 3.9 <0.0001 0.41 0.25 0.65
Unknown - - - - - - - -
Total 1162 100.0 109,037 100.0 <0.0001 - R -
Length of service (years)
0-19 215 18.5 20,705 19.0 0.67 0.97 0.84 1.11
2-39 274 23.6 27,664 254 0.16 091 0.80 1.03
4-59 156 13.4 31,649 29.0 <0.0001 0.38 0.32 0.44
6+ 517 44.5 29,019 26.6 <0.0001 221 2.02 2.42
Unknown - - - - - - - -
Total 1,162 100.0 109,037 100.0 <0.0001 - - -
Paygrade -
El-E3 255 219 26,505 243 0.06 0.88 0.77 0.99
E4-5 408 35.1 26,799 24.6 <0.0001 1.66 1.50 1.83
E6+ 499 429 12,036 11.0 <0.0001 6.07 5.55 6.63
Unknown 0 0.0 43,697 40.1 <0.0001 0.00 0.00 0.00
Total 1,162 100.0 109,037 100.0 <0.0001 - - -
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Table 2. Demographic and service characteristics of sarcoidosis cases and
controls, active-duty Navy enlisted men, 1965-200! (continued)

Aircraft carrier
assignment history:*

Ever 221 19.0 10,898 10.0 <0.0001 2.11 1.84 2.43
Never 941 81.0 98,139 90.0 - - - -
Unknown = - R N _ L B } A
Total 1,162 100.0 109,037 100.0 - - - .

Date of entry to Navy

Before 1965 275 23.7 16,958 15.6 <0.0001 1.68 1.48 1.91
1965 - 1974 436 37.5 38,358 35.2 0.10 1.11 1.00 122
1975 - 1981 257 22.1 18,099 16.6 <0.0001 1.43 126 1.62
1982 - 1987 138 119 13,691 12.6 0.49 0.94 0.79 1.11
1988 - 1993 42 3.6 11,727 10.8 <0.0001 0.31 0.22 0.42
1994 - 2001 14 1.2 9,952 9.1 <0.0001 0.12 0.07 0.20
Unknown 0 0.0 252 0.2 0.1009 0.00 0.00 0.00
Total 1,162 100.0 109,037 100.0 <.0001 - - -
Age at entry to Navy
17-19 602 51.8 63,795 58.5 <0.0001 0.76 0.70 0.83
20-24 475 409 39934 36.6 <0.0l 1.20 1.09 131
25-29 61 53 3853 35 <0.01 1.51 1.16 1.97
30-34 18 1.6 1,040 10 <0.05 1.63 0.97 2.58
35-39 5 0.4 203 0.2 0.06 232 0.75 5.40
40 -44 1 0.1 86 0.1 0.93 1.09 0.03 6.08
45-64 0 0.0 110 0.1 0.28 0.00 0.00 0.00
Unknown 0 0.0 16 0.0 0.68 0.00 0.00 0.00
Total 1,162 100.0 109,037 100.0 <.0001 - - -

Home of record

Southeast 455 39.2 18,425 169 <0.0001 3.16 2.88 3.48
Northeast 213 18.3 18942 174 0.39 1.07 0.93 1.23
Midwest 195 16.8 24,939 229 <0.0001 0.68 0.59 0.78
South Central 101 8.7 9,507 8.7 0.97 1.00 0.82 122
Mountain 16 1.4 4436 4.1 <0.0001 0.33 0.19 0.53
Pacific 71 6.1 13,837 12.7 <0.0001 0.45 0.35 0.57
Other 5 04 517 05 0.83 0.91 0.29 2.11
Unknown 106 9.1 18,434 169 <0.0001 0.49 0.40 0.60
Total 1,162 100.0 109,037 100.0 <0.0001 - - -
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Table 3. Demographic and service characteristics of sarcoidosis cases and controls, active-
duty Navy enlisted white men, 1965-2001

95% Confidence
Sarcoidosis interval
cases Controls p- Odds Lower  Upper
Age (years) No. % No. % value ratio  limit limit
17-19 17 2.9 7,335 7.9 <0.0001 0.35 0.22 0.57
20-24 236 40.6 53,535 57.6 <0.0001 0.50 043 0.59
25-29 148 254 16,345 17.6 <0.0001 1.60 1.33 1.93
30-34 75 129 4,524 4.9 <0.0001 2.89 2.27 3.69
35-39 77 132 5,468 5.9 <0.0001 2.44 1.92 3.11
40-44 23 4.0 4,002 43 0.68 0.91 0.60 1.39
45-64 6 1.0 1,768 1.9 0.12 054 0.24 1.20
Unknown 0 0.0 7 0.0 0.83 - - -
Total 582 100.0 92,984 100.0 <0.0001 - - -
Mean 27.44 25.30
Standard Deviation 6.5 6.6
Length of service (years)
0-19 101 174 16,990 18.3 0.57 094 0.76 1.16
2-39 136 23.4 23,843 25.6 0.21 0.88 0.73 1.07
4-59 77 132 28,270 30.4 <0.0001 0.35 0.27 0.44
6+ 268 46.1 23,881 25.7 <0.0001 247 2.10 291
Unknown - - - - - - - -
Total . 582 100.0 92,984 100.0 <0.0001 - - -
Paygrade
El-E3 97 16.7 20,686 223 0.0012 0.70 0.56 0.87
E4-5 194 333 22,488 24.2 <0.0001 1.57 1.32 1.86
E6+ 291 50.0 10,099 10.9 <0.0001 8.2l 6.97 9.67
Unknown 0 0.0 39,711 42.7 <0.0001 - - -
Total 582 100.0 92,984 100.0 <0.0001 - - -
Aircraft carrier assignment history:*
Ever 78 86.6 8,414 9.1 0.0003 - - -
Never 504 134 84,570 91.0 0.0003 - - -
Unknown - - - - - - - _
Total 582 100.0 92,984 100.0 0.0003 1.56 1.22 1.98
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Table 3. Demographic and service characteristics of sarcoidosis cases and controls, active-

duty Navy enlisted white men, 1965-200! (continued)

Date of entry to Navy
Before 1965 155 26.6 15,499 16.67 <0.0001 1.81 1.51 2.18
1965 - 1974 262 450 34,975 37.61 0.0002 1.36 1.15 1.60
1975 - 1981 93 16.0 15,239 16.39 0.79 097 0.78 1.21
1982 - 1987 51 8.8 11,030 11.86 0.02 0.71 0.54 0.95
1988 - 1993 17 2.9 8,992 9.67 <0.0001 0.28 0.17 0.46
1994 - 2001 4 0.7 7,065 7.60  <0.0001 0.08 0.03 0.23
Unknown 0 0.0 184 0.20 0.28 - - -
Total 582 100.0 92,984 100.00 <0.0001 - - -
Age at entry to Navy
17-19 321 552 55,581 59.8 0.02 0.83 0.70 0.98
20-24 221  38.0 33,439 36.0 0.31 1.09 0.92 1.29
25-29 24 4.1 2,850 3.1 0.14 1.36 0.90 2.05
30-34 10 1.7 751 0.8 0.01 2.15 1.14 4.03
35-39 5 0.9 171 0.2 0.00 4.70 1.93 11.49
40-44 1 0.2 81 0.1 049 197 0.27 14.21
45 - 64 0 00 '100 0.1 043 - - ;
Unknown 0 0.0 11 0.0 0.79 - - -
Total 582 100.0 92,984 100.0 0.00 - - -
Home of record
Southeast 152 26.1 13,871 14.9 <0.0001 2.02 1.67 2.43
Northeast 142 244 16,441 17.7 <0.0001 1.50 1.24 1.82
Midwest 130 223 22,445 24.1 0.31 0.90 0.74 1.10
South Central 37 6.4 7,674 83 0.10 0.75 0.54 1.05
Mountain 11 1.9 4,143 4.5 0.00 041 0.23 0.75
Pacific 49 8.4 11,041 11.9 0.01 0.68 0.51 091
Other 3 0.5 198 0.2 0.12 243 0.77 7.62
Unknown 58 10.0 17,171 18.0 <0.000! 0.49 0.37 0.64
Total 582 100.0 92,984 1000  <0.000! - - -

* Includes CV, CVN, CVA, CVAN, and CVS aircraft carriers except USS LEXINGTON
(CVS16), whose crew members could not be identified through UIC or PAMI codes. This ship

was decommissioned in 1991.
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Table 4. Demographic and service characteristics of sarcoidosis cases and controls, active-

duty Navy enlisted black men, 1965-2001

95% Confidence

Sarcoidosis interval
cases Controls p- Odds Lower Upper
Age (years) No. % No. % value ratio limit limit
17-19 26 4.6 1,062 9.0 <0.0001 049 0.33 0.74
20-24 228 40.6 6,198 52.3 <0.0001 0.62 0.53 0.74
25-29 164 29.2 2,295 194  <0.0001 1.72 1.43 2.08
30-34 . 85 15.2 897 7.6 <0.0001 - 2.18 1.71 2.77
35-39 38 6.8 738 6.2 0.60 1.09 0.78 1.53
40-44 17 3.0 481 4.1 023 0.74 0.45 1.21
45-64 3 0.5 180 1.5 0.06 0.35 0.11 1.09
Unknown 0 0.0 1 0.0 0.83 0.00 - -
Total 561 100.0 11,852 100.0 <0.0001 - - -
Mean 26.5 25.4
Standard Deviation 5.8 6.5
Length of service (years)
0-1.9 114 203 2,837 23.9 <0.05 0.81 0.66 1.00
2-39 136 24.2 3,134 264 0.24 0.89 0.73 1.08
4-59 76 13.5 2,589 21.8 <0.0001 0.56 0.44 0.72
6+ 235 41.9 3,292 27.8 <0.0001 1.87 1.58 2.23
Unknown - - - - - - - -
Total 561 100.0 11,852 100.0 <0.0001 - - -
Pay grade
El-E3 156 27.8 4,654 39.3 <0.0001 0.60 0.49 0.72
E4-5 210 374 3,030 256 <0.0001 1.74 1.46 2.08
E6+ 195 348 992 84  <0.0001 5.83 4.85 7.02
Unknown 0 0.0 3,176 26.8 <0.0001 0.00 - -
Total 561 100.0 11,852 100.0  <0.0001 - - -
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Table 4. Demographic and service characteristics of sarcoidosis cases and controls, active-
duty Navy enlisted black men, 1965-2001(continued).

Aircraft carrier assignment history:*

Ever 139 24.8 1,775 150 <0.0001 1.87 1.53 2.28
Never 422 75.2 10,077 85.0 - - - -
Unknown - - - - - - - -
Total 561 100.0 11,852 100.0 - - - -
Date of entry to Navy
Before 1965 112 237 933 7.87 <0.0001 292 2.35 3.63
1965 - 1974 170 375 2,689 22.69 <0.0001 1.48 1.23 1.78
1975 - 1981 159 221 2,182 18.41 <0.0001 1.75 1.45 2.12
1982 - 1987 85 119 1,982 16.72 0.33 0.89 0.70 1.13
1988 - 1993 25 3.6 2,226 1878  <0.0001 0.20 0.13 0.30
1994 - 2001 10 1.2 1,801 15.20 <0.0001 0.10 0.05 0.19
Unknown 0 0.0 39 0.33 0.17 0.00 - -
Total 561 100.0 11,852 100.00  <0.0001 - - -
Age at entry to Navy
17 -19 274 48.8 6,551 553 <0.01 0.77 0.65 0.92
20-24 243 433 ‘4529 382 <0.05 124 1.04 1.47
25-29 36 6.4 589 5.0 0.13 1.31 0.93 1.86
30-34 8 1.4 157 1.3 0.84 1.08 0.53 2.20
35-39 . 0 0.0 17 0.1 0.37 0.00 - -
40 - 44 0 0.0 4 0.0 0.66 0.00 - -
45 - 64 0 0.0 3 0.0 0.71 0.00 - -
Unknown 0 0.0 2 0.0 0.76 0.00 - -
Total 561 100.0 11,852 100.0 0.13 - - -
Home of record
Southeast 300 535 4265 360 <0.0001 2.04 1.72 2.42
Northeast 67 119 2,028 17.1 <0.001 0.66 0.51 0.85
Midwest 64 114 2,185 184  <0.0001 0.57 0.44 0.74
South Central 64 114 1,538 13.0 0.28 0.86 0.66 1.13
Mountain 5 0.9 94 0.8 0.80 1.12 0.46 2.78
Pacific 13 23 706 6.0 <0.001 0.37 0.22 0.65
Other 1 0.2 62 0.5 0.26 0.34 0.05 245
Unknown 47 8.4 974 8.2 0.89 1.02 0.75 1.39
Total 561 100.0 11,852 100.0 <0.0001 - - -

* Includes CV, CVN, CVA, CVAN, and CVS aircraft carriers except USS LEXINGTON
(CVS16), whose crew members could not be identified through UIC or PAMI codes. This ship

was decommissioned in 1991.
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Table 7. Multivariate analysis of risk factors for sarcoidosis, active-duty
Navy enlisted men, 1965-2001

95%
Confidence
No.of No.of Regression p - Odds interval

Covariate cases controls coefficient S.E.* value ratio Lower Upper
Age (years)
17-19 43 8,662 -1.012 0.16 <0.001 0.36 027 0.50
20-24 467 61,284 -0.644 006 <0.001 0.53 046 0.59
25+ 652 39,091 Reference - - 1.00 - -
Total ' _ 1,162 109,037 - - -- - - -
Race
White 582 92,984 Reference - - 1.00 - -
Black 561 11,852 2.054 0.06 <0.001 780 6.87 8.85
Other 19 4,201 -0.085 0.24 0.73 092 057 148

1,162 109,037 - - - - - -
Entry Date
Before 1975 698 55,316 Reference - - 1.00 - -
1975-1984 342 24,586  -0.426 0.07 <0.001 0.65 057 0.75
1985-1994 108 20,262 -1.549 0.11 <0.001 0.21 0.17 0.26
1995-2001 14 8,873 -2.703 029 <0.001 0.07 0.04 0.12

1,162 109,037 - - - - - -
Rating} .
Seaman 92 8,521 0.168 0.12 0.15 1.18 094 1.49
Airman 39 3,458 0.318 0.17 0.06 1.38 098 192
Fireman 28 3,488 0.009 0.20 0.96 1.01 068 149
Aviation Boats. Mate 12 1,287 -0.633 030 <005 053 029 096
Other aviation ratings 177 9,887 0.548 0.09 <0.001 173 146 205
Mess Manag. Spec. 40 2,027 0.296 0.17  0.08 1.34 096 1.88
Ship's Serviceman 37 681 0.831 0.18 <0.001 230 160 3.29
All Other Ratings 737 79,688 Reference - - 1.00 - -
Total 1,162 109,037 - - - - - _
Aircraft carrier history
Ever 221 10,898 0.593 0.08 <0.001 1.81 155 2.12
Never 941 98,139 Reference - - - -
Total 1,162 109,037 - - - - - R
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Table 7. Multivariate analysis of risk factors for sarcoidosis, active-duty
Navy enlisted men, 1965-2001 (continued)

95%
Confidence
No.of No.of Regression D - Odds interval

Covariate cases controls coefficient S.E. value ratio Lower Upper
Home of record
Northeast 213 18,942 Reference - - 1.00 - -
Southeast 455 18,425 0.692 0.08 <0.001 200 172 232
Midwest 195 24,939 -0.003 009 097 1.00 0.83 1.19
South Central 101 9,507 0.088 0.12 . 045 1.09 0.87 1.37
Pacific ' ' 71 13,837 -0.226 0.14 0.09 080 061 1.04
Mountaint 16 4436 - - - - - -
Othert 5 517 - - - - - -
Unknowni 106 18,434 - - - - - -
Total 1,162 109,037 - - - - - -

*S.E., Standard Error

TModel was obtained separately for each rating.
$Not included in regression due to small sample size.
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Table 8. Multivariate analysis of risk factors for sarcoidosis, active-duty Navy enlisted
white men, 1965-2001
95% Confidence

No.of No.of Regression p- Odds interval
Covariate cases control coefficient S.E.f value ratio Lower Upper
Age (years)
17-19 17 7,335 -1.282 0.25 <0.0001 0.28 0.17 0.45
20-24 236 53,535 -0.788 0.09 <0.0001 045 038 0.54
25+ 329 32,114 Reference - - 1.00 - -
Total 582 92,984 - - - - - R
Entry date
Before 1975 o 412 52,925 Reference - - 1.00 - -
1975-1984 131 18,105 -0.498 0.11 <0.0001 0.61 0.49 0.75
1985-1994 39 15,769 -1.354 0.17 <0.0001 0.26 0.19 0.36
1995-2001 3 6,185 -3.145 0.71 <0.0001 0.04 0.01 0.17

582 92,984

Rating
Seaman 34 6,455 0.490 0.19 <0.01 1.63 1.13 2.35
Airman 14 2,639 0.463 0.28 0.10 1.59 0.92 2.75
Fireman 10 2,787 0.031 032 092 1.03  0.55 1.95
Aviat. Boats. Mate 5 1,003 -0.326 046 0.48 072 0.29 1.78
Other aviation ratings 94 8,358 0.600 0.12 <0.0001 1.82 1.45 2.30
Mess Manag. Spec. 15 1,233 0.759 0.27 <0.01 2.14 1.27 3.60
Ship's Serviceman - 5 384  0.620 046 0.17 1.86 0.76 4.54
All other ratings 405 70,125 Reference - - 1.00 - -
Total 582 92,984
Aircraft carrier history
Ever 78 8,414 0.511 0.13 <0.001 1.66 1.30 2.13
Never 504 84,570 Reference - - - - -
Total 582 92,984 - - - - - N
Home of record
Northeast 142 16,441 Reference - - 1.00 - -
Southeast 152 13,871 0.703 0.11 <0.001 2.02 1.63 2.50
Midwest 130 22,445 0.103 0.11 0.36 1.11 0.89 1.38
South Central 37 7,674 -0.021 0.18 0.91 098 0.69 1.39
Pacific 49 11,041 -0.115 0.16 047 0.89 0.65 1.22
Mountainf| 11 4,143 - - - - - -
Othert 3 198 - - - - - -
Unknownt 58 17,171 - - - - - .
Total 582 92,984 - - - - - -

*S.E., Standard error
tNot included in regression due to small sample size.

Appendix B



Table 9. Multivariate analysis of risk factors for sarcoidosis, active-duty Navy enlisted
black men, 1965-2001

95% Confidence

No. of No.of Regression p- Odds interval
Covariate cases controls coefficient S.E.* value ratio Lower Upper
Age (years)
17-19 26 1,062 -0.729 021 <0.001 048 0.32 0.73
20-24 228 6,198 -0.464 009 <0.001 0.63 052 0.76
25+ 307 4,592 Reference - - 1.00 - -
Total 561 11,852 - - - - - N
Entry date .
Before 1975 282 3,622 Reference - - 1.00 - -
1975-1984 203 3,002 -0.337 0.10 <0.001 0.71 0.59 0.87
1985-1994 66 3,588 -1.614 0.14 <0.0001 0.20 0.15 0.26
1995-2001 10 1,640 -2.542 032 <0.0001 0.08 0.04 0.15

561 11,852 - - - - - -

Rating
Seaman 58 1,721  -0.013 0.15 0.93 099 0.74 1.32
Airman 25 619 0.237 0.22 0.28 1.27 0.83 1.94
Fireman 18 550 . 0.009 0.25 0.97 1.00 0.62 1.65
Aviat. Boats. Mate 7 216  -0.808 0.40 <0.05 045 0.20 0.97
Other aviation ratings 77 1,007 0.428 0.13 <0.01 1.53 1.18 1.99
Mess Manag. Spec. 23 433  0.163 0.23 0.47 1.18  0.76 1.83
Ship's Serviceman * 32 216  0.926 020 <0.001 2.52 1.69 3.76
All other ratings 321 7,090 Reference - - 1.00 - -
Total 561 11,852 - - - - - R
Aircraft carrier history
Ever 139 10,077 0.683 0.11 <0.0001 198 1.60 2.44
Never 422 1,775 Reference - - 1.00 - -
Total 561 11,852 - - - - - -
Home of record
Northeast 67 2,028 Reference - - 1.00 - -
Southeast 300 4,265 0.647 0.11 <0.0001 1.91 1.53 2.38
Midwest 64 2,185 -0.212 0.16 0.18 0.81 0.59 1.11
South Central 64 1,538 0.141 0.16 0.38 1.15 0.84 1.58
Pacific 13 706  -0.503 0.30 0.09 0.60 0.34 1.08
Mountaint 5 94 - - - - - -
Othert 1 62 - - - - - -
Unknownf 47 974 - - - - - -
Total 561 11,852 - - - - - -

*S.E., Standard error
tNot included in regression due to small sample size.
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